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To minimize piping length, turbines in this 225-Mw reactor power plant are arranged in circle around recctor. 


This heavy-water-cooled thermal reactor is one of designs proposed in feasibility studies described on p. 49 
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Stokes equipment is used for the shelf-drying 
of procaine penicillin under vacuum at the New 
Brunswick, N. J. plant of E. R. Squibb & Sons 








One of the uses for the complete custom-built installation of Stokes vacuum freeze 
drying equipment in Pitman-Moore Compuny's new million-dollar plant af Indian- 
apolis, Ind. is to produce gamma globulin to combat poliomyelitis. One of the steps 
is drying the material from its frozer tate. Operators are shown removing trays 


of gamma globulin from Stokes freeze-dryers at temperatures of 40° below zero F. 


IN VACUUM ENGINEERING... 
NOTHING SUCCEEDS LIKE SUCCESS! 


Stokes’ success in the application of Vacuum Engineering 
to industry is based on the practical experience of many years 
in the study and practice of vacuum processing 


The first commercial production of blood plasma to save human 
lives was initiated by Stokes engineers on Stokes vacuum 
processing equipment. Hog cholera serum to protect and 
increase the world’s meat supply is largely produced on 
Stokes equipment by vacuum processing methods. More recently, 
Stokes freeze-drying equipment has been used to produce 
gamma globulin, the first real ray of hope in 
the fight against paralytic poliomyelitis 


New markets for low-cost metals and plastics which simulate 
more costly pieces have been created through the use of Stokes 
vacuum metallizing equipment. Electric and electronic 

Diesel locomotive armature being removed, after impreg equipment is now processed in Stokes vacuum impregnation units 
pt ceed hain ease. gga shaegti iy mee aeetigy. Moeeelie to prepare it for the heavy loads and exacting requirements 


the San Bernardino, Calif., plant of Atchison, Topeka & ‘ b : p 
Santa Fe Railway. Electric motors for the Santa Fe's of modern electric and electronic practice 
Chief’ and ‘Super Chief’ develop such excessive heat ; - Cea : , ; ; ; : 
that ordinary insulation would swell or burst, causing Stokes is FIRST in Vacuum Engineering by virtue of 
Serene te Serer at Se Saenian. Sy eens fifty years of experience in the manufacture of practical 
these rotors with protective resins under high vacuum J. 


rT production equipment. You are invited, without 


in Stokes impregnators, each tur f wire is held ria y 
in place and the motors operate without interrupt obligation, to consult with Stokes Vacuum Engineers 
on any phase of Vacuum Engineering drying, 
freeze-drying, metallizing, impregnation or 
vacuum furnace processing—which can be 
applied to your business 


F. J. SrokES MACHINE COMPANY, PHILADELPHIA 20, Pa. 


STOKES MAKES: High Vacu 


2 June, 1953 - NUCLEONICS 





THE 


Cimplicity Tealures 


INSTRUMENT MEN PREFER 


Simplified WESTON 


Recording Potentiometer 


Here is the recorder that has been widely acclaimed by instrument 
men because its new design concept has contributed new simplicity 
and new economies in instrument operation and maintenance. More 
compact, too; and its rugged construction gives it new resistance 

to vibration and shock, assuring sustained high accuracy over 
longer periods. Can be used to measure and record temperature, 

d-c current, d-c voltage, resistance, a-c voltage, a-c current, 

speed, speed ratio, power, frequency, hydrogen ion (pH), light 
intensity or any other quantity that can be converted into 
electrical values. The whole story is available in booklet form. 
Write for your copy today. WESTON Electrical Instrument 
Corporation, 614 Frelinghuysen Avenue, Newark 5, New Jersey. 


Representatives in all principal cities. In Canada... 


Powerlite Devices, Ltd., Montreal, ‘Toronto. A \ 
sees 


WESTON Yxamenls 


INDICATE — RECORD — CONTROL 


|, simply open chart frame com- 


pen for quick, easy filling. 
operation and charts remain 
er; 


te during filling 











REACTOR RESEARCH 


TQACEVUAD inc. AND DEVELOPMENT 


Q What does Tracerlab have to offer firms interested in reactor research and development? 


A background of seven years’ experience wholly in the field of commercial radioactivity. 
In seven years Tracerlab has performed a wide range of research and development projects 


that will interest you. 


A necessarily brief description of a few of our activities follows: 

Analysis and separation of fission products 

Studies on the physical and chemical nature of radioactive contamination 
Decontamination methods and procedure studies 

Effect of radiation on chemical systems 

Research and development on radiation detection and dosimetry in contaminated areas 
Development of equipment and techniques for handling multi-curie sources 

Dosimetry of «, 2, y and neutrons of various energies with application to health survey 
instrumentation and to primary detectors for nuclear reactor controls 

Development of a wide range of portable and laboratory detection equipment based on 
ionization chamber, geiger instruments, quartz-fiber and scintillation methods 

Tracer experiments 

Extensive radio-analytical studies 

Health physics programs 


Shielding 


Conducted research projects totaling approximately $5,000,000 for all branches of the 


armed services, for the A.E.C, and for private industry. 


Recently completed a year-long, Tracerlab financed study of the feasibility of private 


isotope reactor ownership under letter-contract from the A.E.C. 


Assembled a staff of approximately two-hundred, well-qualified, experienced technical 
people who are capable of handling projects extending into many fields of radioactivity. 
Extensive and complete laboratory and production facilities are available at Tracerlab, 


both in Boston, Massachusetts and Berkeley, California. 


Tracerlab has designed and developed many specialized instruments for use by govern- 
ment and industry, and has been awarded production contracts for large quantities of 


special instruments. 





If you have a problem involving applications of radioactivity or atomic energy we would like to hear from 
you. We will send a technical representative to discuss your problem with you, or you are welcome to send 


a representative to Tracerlab for discussions with our staff members. No obligation, of course. 








zZ Zz ie 
fi ACE] lab inc WASHINGTON * LOS ANGELES © NEW YORK « CHICAGO * ATLANTA ¢ CLEVELAND «© HOUSTON ¢ PARIS 


130 HIGH STREET, BOSTON 
2295 SAN PABLO AVENUE, BERKELEY 
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Actual Size 


Multiplier Phototube- with S4 response 


Tris “head-on” type 
multiplier phototube is 
designed with its face 
end FLAT so you can 
mount a phosphor crys- 
tal flush against it 


Optic al coupling be- 
tween phosphor speci- 
men and cathode is 
excellent ( photo-« ath- 
ode is directly on inside 

of face end). Light collection is very effi- 
cient (transparent cathode is 1%” diame- 
ter rhe benefits: Larger output from 


scintillatior pulses easier discrimination 


against dark-current pulses. 


RCA-6199 is well-suited for work with 
organic phosphors like anthracene, and with 
inorganic materials like thallium-activated 


sodium iodide. The tube exhibits high sensi- 
tivity to blue-rich light and negligible 


sensitivity to red radiation 


If you require a scintillation counter tube 
having high efficiency—and a resolving time 
of only a small fraction of a micro-second 
don’t overlook the RCA-6199. Current am- 
plific ation is about 600,000 when the tube 
is Ope rated from a LOO0-volt supply. 


For technical data or design he Ip, write 
RCA Commercial Engineering, Section 
62-FR, Harrison, N Or just call your 
nearest RCA Field Office 
(EAST) Humboldt 5-3900, 

415 S. Sth St., Harrison, N. J. 
(Midwest) Whitehall 4-2900 
589 E. Illinois St., Chicago, IN. 


(WEST) Madison 9-3671, 
420 S. San Pedro St., Los Angeles, Cal. 


RCA-6217 


Another head-on multiplier photo- 
tube for use in color densitometers, 
spectrometers, color comparators, 
flying-spot signal generators and 
other applications where good red 
sensitivity is required. Frequency 
response is essentially flat from 
3760 te 5600 A°—with good re- 
sponse to 6700 A°®. 


RADIO CORPORATION of AMERICA 


HLECTRON TUBES 
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CUSTOM OR STANDARD 
.-»- The Guaranteed Components 


FIND YOUR ELECTRICAL and ELECTRONIC COMPONENTS HERE 


Shown opproximotely half size. bid pas 
| i 


X1980OXA 


X2045X 
X1990 X1942X 


Insulated Terminals. Grade L-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 
screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 





HANDLE 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 
specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 
pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 
terminals are silver plated brass. All units include slugs and mounting hardware. 
Type C (above) available with retaining collars of silicone fibreglas. Note: 1120 X1786 X1552 X1774 
Regular, CTC Coil Form Kit is available. Also available, new Coil Kit, Type 
X2060, with windings on standard LS-6 Forms. Hardware. Includes panel screws, thumb screws, dial locks, shaft 
locks, handles and handle ferrules, tube clamps, terminal board 





brackets, standoff mounts and spacers. 
A 1081 
\ X1898A a : 


‘ x1782 


wae 


op hn Ne 


t x1578 i $1245 


i ‘ 
| * X2041 % ‘$ PA 
X2043 P 
\ 


x1463 -X1558 
“KI785 X1457 


X1784 x1548 


Terminal Boards. Standard type in cotton fabric phenolic, nylon 
phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
of cloth, paper, glass laminates (phenolic, melamine or silicone resin) 
Slilver-Plated Brass Standard Terminal Lugs. Twenty-eight different imprinted as required, lacquered or varnished 

types, each available in varied shank lengths, coated with water dipped lac- to specifications MIL-V-173 and JAN-T-152. 

quer for protection during storage. Other finishes include hot-tin, electro-tin, 
electro-tin lead, cadmium or gold plate on special order. Pressure and hand 
swogers available for mounting al! terminals. Note: Combination screw and 
solder terminals ore available in 3 sizes. 








Al! materials, processes, finishes meet applicable government specifications. 
Custom Made CTC Components will be quickly made to your specifications in production quantity. 
Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 


pictured here as well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 467 CONCORD AVE., CAMBRIDGE 38, MASS. 


West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Blvd., Los Angeles 16, California 
Want more information? Use post card on last page June, 1953 - NUCLEONICS 
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TELEVISiONSes 
UHigGIRCUITS 
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I FLECTRICAL 


€ @" MIURING 


Pressed and 
Extruded Shapes to 
Close Tolerances 


Engineered Steatite by General Ceramics 
offers the designer and engineer both excel- 
lent electrical and mechanical advantages 
and the economies of standard catalog body 
types. Offers low loss factor, zero moisture 
absorption, high surface and volume resis- 
tivity, high tensile and great compressive 
strength. Steatite insulators can be produced 
to countless sizes and shapes for practically 
all requirements. 


UITS, 
FOR UHF ciRC 
spEciAL 6-C STEATITE 


GTEATITE-BONDED-10- 


MBINATIONS 

° metol by 
hod pro- 
hermetic 
ded for ; REcommen tions 
: teatite where ©* made on specific eer 

se totorene choniol strength without aa 

teptione 


is required. IF 


METAL” co nf 
de 

Steatite bon 

the Solder-Seal met 


duces @ permanent n 
eal, Also recomme 
seal. 








Standard Shapes 
AVAILABLE: 


PILLAR INSULATORS 
LEAD-IN BUSHINGS 
ENTRANCE BUSHINGS 
COAXIAL CABLE 
INSULATORS 
LEAD-IN INSULATORS 
SPREADER INSULATORS 
STRAIN INSULATORS 
COIL FORMS 
SUPPORT BARS 
COUPLING INSULATORS 


CYSTOM DESIGNS 
10 SPECIFICATION — 


insulators con 
n any size OF 
sing, extrud 
¢ machining 
ore 


Special steatite 
be produced i 
shape by pres 
ing, casting ° 
Experienced eng 
available for consy 


ineers 
tation 


YOU HAVE A PROBLEM — 


I nplete information on General Ceramics Steatite 


Insulat: juest the new illustrated catalog; for engineering 


assistance on specil 


7 


contact a General Ceramics Sales Engineer. 


7 CERAMICS and STEATITE CORP. 


GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY 
LAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE AND FERRAMIC MAGNETIC CORES 





/ 
Sanborn Recorders 
Help peed 


SPERRY GYROSCOPE COMPANY 
uses a two-channel Sanborn Recording 
System for basic research on their 
Zero Reader* Flight Director, a device 
which simplifies the manual 
control of aircraft. The Sanborn System 
shown above is recording the output 
of a flight simulator that solves Zero 
Reader equations. 


*7T.M. REG. U.S. PAT. OFF. 


At McDONNELL AIRCRAFT CORPORATION the movements of a 
guided missile are simulated by high-precision analog computers which 
in turn send eight different resultant electric signals into two Sanborn four- 
channel Recording Systems (left) for the graphic recording of the hypo- 
thetical results of the guided missile problem. 


Two 


How can Sanborn help you? 
—— At DOUGLAS AIRCRAFT 


ween one-, two-, and four-channel Recording Systems can COMPANY'S Flight Test Section, a 
provide an accurate and permanent graphic registration of Sanborn two-channel Recording System 

: . . (shown removed from case for field opera- 
almost any electrical phenomena whose frequency spectrum falls en) ie een is Conmaction aah 2 tle 
meter radio link to record surface motion 
oaks ‘ a vib o ying aircraft w : § per- 
ability and ready interchangeability of amplifiers and preamplifiers = ogi 0 pet a 
toring. Recorded tracings provide the 
: : | necessary permanent visual time history for 
Records are traced by heated stylus on plastic coated strip-chart ONE comparison of the two events recorded and 
CHANNEL a study of their individual characteristics. 


within the range of zero to 100 cycles per second. The avail- 
offer a wide range of use. a 


paper, and are in true rectangular coordinates. Other Sanborn 


advantages include: a high torque movement (200,000 dyne cms 
As for a copy of our ‘Applicability Folder’’ which presents a 
‘ i table of uses, complete performance data and specifications, 
choice of paper speeds and channels. brief descriptions of Sanborn Recording Systems and explana- 
tions of how their amplifiers may be readily interchanged. 


per cm deflection ); built-in code and time markers; and a wide 


Sanborn engineers will be pleased to make recommendations 
as to what type of equipment will best solve your recording prob- INDUSTRIAL 
lem. When writing, include the lower and upper limits and the SANBORN of + DIVISION 
frequency range of the phenomena to be recorded, and the type CAMBRIDGE 39, MASSACHUSETTS 


of transducer. 
8 Wont more information? Use post card on last page June, 1953 NUCLEONICS 














PRECISION 


NALOG COMPUTER 





Typical Computer Installation 


A new chassis design—each chassis formed in a U-shape 
effecting an unusually compact arrangement of compon- 
ents and providing the facilities for extremely efficient 
cooling. 


\ new high gain, low drift, contact stabilized d-c ampli- 
fier with outstanding. accuracy, frequency response and 
output power characteristics. 


(optional) for selecting and setting an 


A new system 
OO5I% by 


attenuator to a value within apyjroximately; + 


depressing the keys of an adding machine type keyboard. 
. 
‘ ; ' 





ELECTRONIC 
ASSOCIATES 


Checoyboraled 






’ 
’ 
» 

* 


Long 


Compatibility with other makes of analog computing equip- 
ment which allows the precision components of this sys 
tem With other manufacturers’ systems. 


to be used 


A new high quality patch board assembly, using an 1800 
position pre-patch panel made of metal to avoid leakages be- 
tween terminals and to improve overall Computer accuracy, 


All computing resistors and capacitors containéd jn an 
oven, to maintain them at ta cqnstant temperature to in 
sure*reliable and accurate performance. 

t Ps ‘f ; 
Centralized operation of the entire computer from 4 con- 
trol console providing maximum ease of operation cand 
flexibility in the use of the system plus minimizing the 


cost of expansion. 


Branch, New Jersey 


Send for complete data 


These instruments and components 
Can speed your WAY SAN 


Listed here are some of the many special types of ElectroniK 
instruments and Honeywell components which are helping research 
men to measure, record and control in thousands of research 
projects. For information on how they can be utilized in your own 
work, write to MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4571 Wayne Ave., Philadelphia 44, Pa. 


Special Zletlionik recording instruments 
of ‘interest to research men: 


FUNCTION PLOTTER — automatically plots the relationship, y— f(x), 


between any two variables that can be converted to electrical signals. 


TWO-PEN RECORDER: simultaneously records two variables on a single 


chart ... both pens can traverse full width of 11-inch chart. 


CAPACITANCE LIQUID LEVEL GAUGE: accurately measures volume of 


liquefied gases in pressurized vessels . . . no moving parts or seals. 


ADJUSTABLE SPAN RECORDER: span can be adjusted over a 50 1 range 


. zero can be suppressed as much as 100°) of maximum span. 
Yo-SECOND RECORDER: for recording rapidly-changing variables; full 11-inch 
scale pen movement in only |!» second. Chart speeds from 1 inch to 14,400 
inches per hour available. 


NARROW SPAN RECORDER: measures spans as narrow as 100 microvolts 


without external pre-amplifier . . . completely self-contained. 


Electronic components for laboratory use: 


BROWN CONVERTERS: transform low-level d-c signals into 60 or 400- 


cycle alternating voltages . . . Unaffected by atmospheric pressure. 


BROWN SERVO AMPLIFIER SYSTEMS: consist of converter, amplifier and 
servo motor .. . Sensitivities of 2.0, 0.5, and 0.05 microvolts are available, 
with corresponding voltage gains of 10°, 4 x 10° and 40 x 10°. 


BROWN 60-CYCLE 2-PHASE SERVO MOTORS: Provide positive positioning 
... totally enclosed, self lubricated. Maximum torque: 27 RPM 

motor—85 in.-oz., 54 RPM motor—43 in.-oz.; 162 RPM motor—19 in.-oz.; 
333 RPM motor—4 in.-oz. 





‘ Honeywell 


Tout we Contiol 
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KINNEY TWO-FOOT PUMP 


™~ Kinney Vacuum Pump Model CVM 3153 is specially designed 
for laboratory projects, industrial installations, refrigeration 
SPECIFICATIONS service applications, or wherever a very compact pump of fast 
pumping speed is required. This is not a vane-type pump. Model 
Free air displacement 2 cu. ft. per min. (57 liters CVM 3153 employs the famous Kinney rotating plunger mecha- 
per min.) nism, which is oil-sealed and does not depend on metal-to-metal 
contact for its pumping efficiency. It operates quietly and 
e a ' efficiently for long periods of time virtually without maintenance 
Compact: only 14-34” long x 10-34” wide or attention. It’s easy to service .. . no special tools are re- 
x 13-1/4” high. ) quired. 

' Kinney Manufacturing Co. — 
i P manufacturers of vacuum and liquid 
Weight: pump only, 31 Ibs.; complete unit, pumps. Boston, New York, a 
70 Ibs. Detroit, Cleveland, Atlanta, Houston, 
New Orleans, Charleston (W. Va.), 
Philadelphia, Pittsburgh, Los 
Angeles, San Francisco, Seattle, and 
foreign countries. 











Absolute pressures down to 0.2 micron or better. 


ant wew 'ORy 
% 4 
is) 
4 


Motor: '/, HP standard type. 





w 


KINNEY MANUFACTURING COMPANY 
3614 WASHINGTON STREET, BOSTON 30, MASS. 


Please send Bulletin SV-51 giving full details on Model CVM 3153. 


n 








Name 


~ 





Company 














PUMPING SPEED (C.F.M.) 


°o 


Street 


1.0 10 
PRESSURE (MICRONS) i City State 
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LEADERS AND PIONEERS 
IN PRODUCTION OF 
NUCLEAR REACTOR CONTROL EQUIPMENT.... 


Sigma Amplifier 

Log N Amplifier 
Period Amplifier 
Magnet Amplifier 
Safety Preamplifier 
A-1 Linear Amplifier 
Log Count Rate Meter 





A-1A Linear Preamplifier 

Control Console and Paneling 
Compensated lonization Chamber 
Parallel Circular Plate lonization Chamber 


Power Supply Compensated lonization Chamber 


* EXPERIENCE 


RCL has built and delivered all of the 
above instruments to major atomic sites. 


* QUALITY COMPONENTS 


Only the finest available components are 
used. All instruments made to ORNL specs. 


* THOROUGH TESTING 


Each instrument must undergo a 100-hour 
life test and rigorous inspection before 
shipment. 


* QUICK DELIVERY 


Because of thorough knowledge and ex- 








perience in production of these instruments, 
delivery is excellent 
¢ The above illustrates reactor control equipment 


as delivered to a major site 


RADIATION COUNTER LABORATORIES, INC. 


Nucleonic Park . 5122 West Grove Street . Skokie (Chicago), Illinois 





Other RCL Products 


@ Geiger-Mueller Counters @ Flow Counters @ Scalers @ BF, Neutron Counters @ Safety Shields @ Radia- 
tion Accessory Equipment @ Radiation Health Instruments @ Pipets @ Special Electronic Circuits 
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FOR MECHANICAL HELP 


IN NUCLEAR RESEARCH AND DEVELOPMENT.... 


Enlist the skills of General Mills 


ee ee 


hae 


THIS POWER-DRIVEN Remote Handling Unit is one of many 
pieces of equipment designed and manufactured by General Mills 
for the science-industry of nucleonics. It is now in use at leading 


itomic energy installations in different parts of the country, 


performing difficult operations economically and safely. ‘The unit 
has the strength to manipulate loads of several hundred pounds 
with ease, yet it can be controlled delicately enough to handle 
articles as fragile as an egg without damage. 


Over 200 skilled engineers, designers, technicians and 
machinists are ready to go to work on your problem at 
General Mills. They have had wide experience in elec- 
tro-mechanical design and development, including re- 
search and testing for well-known industries, scientific 
institutions and all branches of the armed services. 

Also available at General Mills are the finest manu- 
facturing facilities for producing the complex instru- 
ments and equipment required in nuclear projects. 


ENLIST THE SKILLS OF 


GENERAL MILLS 


@ TELEMETERING 
@ SERVO CONTROLS 
@ INSTRUMENTATION 


@ REMOTELY-CONTROLLED 
HANDLING EQUIPMENT 


@ STRATOSPHERE VEHICLES 


PLASTIC BALLOONS, another General Mills 
development, provide stable platforms 
for cosmic ray and weather observations 
at heights up to 100,000 feet. They 
carry loads as great as 300 pounds, stay at 
prescribed altitudes for many hours. [nex 
pensive versions of these balloons make 
excellent air tracers. 





Further details will be sent on 
request, or a representative 


will call if you prefer. Write to 
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PRIMARY 


DETECTOR MEANS 


INTERMEDIATE 


END 
DEVICES 








D-C AMPLIFIER 


10 -"? AMPERES D-C 
1ON CHAMBER PULSES 
TO 1.00ma. D.C. 








a sth teddy 





IONIZATION 
CHAMBER 


TORQUE 
BALANCE 
CONVERTER 


WATT HOUR METER 


D’ARSONVAL INSTRUMENT 


A.C. SOURCE 


co 


RECORDING DEMAND METER 


SCHEMATIC DIAGRAM OF GENERAL ELECTRIC AREA HEALTH MONITOR SHOWING STANDARD EQUIPMENT FOR DEPENDABLE OPERATION. 


G-E Health Monitor Records Area Radiation 


The General Electric area health monitor is an equip 
ment for indicating, integrating, totalizing, and telem 
etering gamma radiation 

Recording instantaneous radiation in milliroentgens 
per hour, the G-E monitor actuates an alarm if indus 
trial tolerance rate or total weekly tolerance is exceeded. 
Integrated recordings are made of the radiation that 
is present in the area during each 15-minute interval 
throughout a 30-day period 


The G-E monitor is not designed to replace film 


AIR-EQUIVALENT ionization chamber, beta-gamma model, 
gamma and x-rays. Models also available for onl 


= a t Dy 
») 
® 


gamma mid x-ray 


badges or chambers carried by workers; its purpose is 
to monitor an area, sounding alarms when the rate of 
radiation is excessive. Range is 2 mr hr to 50 mr hr 

For more information on the G-E Health Monitor, 
write for Bulletin GEC-827, Section 605-40, General 
Electric Company, Schenectady 5, N. Y 


ELECTRIC 


het 


measures beta, 


detection 
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Jerome D. Luntz, Editor 


Policies on Radiation Exposure 


EFORE THE END of this century, uranium and 

thorium will be vital natural resources in out 
peacetime economy Many more people than 
are now concerned with atomic energy will be 


involved whether they he research workers 


using radioisotopes or operators of — power 
reactors 

It is of tremendous significance to these work 
ers and to the race as a whole that an accurate 
and realistic attitude be taken toward the setting 
1 official polices on maximum permissible ex 


MPE 


radiation, people must not only be secure in the 


posure levels In learning to live with 


knowledge that they are not being harmfully 
exposed to radiation but also that they ure not 
being required to set up unnecessarily incon 


venient and expensive protective measures 


a. S BODIES national and international 

are considering this problem. The National 
C28.) Committee on Radiation Protection has 
two subcommittees concerned with permissible 
dose, one from external, the other from internal 
The Tripartite (U.3S., [ 


Committee on Radiation Tolerances has met on : 


SOUTrCEeS Ix ,4 ‘anada 


number of occasions, most recently in April at 
Harriman, New York 


Radiological 


The International Com 
mission on Protection will meet 
again next month in Copenhagen 

All of these groups are made up of outstanding 
tuthorities. But experts can only be as good as 
the knowledge they have And the fact is that 
data on the biological effects of radiation on man 
are sparse Although great strides have been 
made as a result of the mammoth atomic energy 
effort of the past ten vears, a good part of oul 
thinking is based on work done prior to 


tors Of satety uve always been emploved 
“ars in the establishment o 

ven the most large labora 

ve added their own safety factor I) 

ssued report of the subcommittee on 

dose, the subcommittee suggests that, 
the uncertainties ivolved ino the 


a tauctor of ten should be used 


OME OF THE PROBLEMS faced by the subeom 
S mittee on external dose are quite basic and 
controversial (ieneticists feel that the nverage 
exposure per person in the total population ts 
than the absolute eX 
Nevertheless, this 
must be low enough to prevent other Injuries to 
\ccording to the 


much more Important 


posure to any one person 


the person im his lifetime 
vyenetic View the lifetime dose received by those 
occupationally exposed to radiation may be quite 
high, provided their number constitutes a small 
fraction of the total population llowever 
more and more persons are eCXpo ed, thre perm 
ible lifetime dose for those occupationall ey 
posed becomes lowe The yeneticists are col 
cerned about harmful mutations whieh would 
become evident in the course of all subsequent 
generations Phe pomt out that anv addition 
to the number of undesirable genes already 
present in man should be avoided Pheretore, 
they recommend that the average accumulated 
dose for the whole population ol reproductive 
age be of the order of five roentgens.  Creneti 
damage to the race is not the controlling buctol 
at this time, because of the relatively small 
number of people occupationally exposed, but 
Its Importance is bound to imerease with time 
n the atomic age At some future time the 
matter may become one of national policy at a 
high level in which the possible harm to the race 
will be weighed against the benefits to be derived 
from the wider applications of atomic energy 
The MPE values recommended by the National 
Committee on Radiation Protection are intended 
to prevent myury to the individual in his lifetime 
It is obviously quite impossible at this time 
to establish with anv certainty MPE values that 
ll be “wood” fen oor twenty vears Trom to 
\ conservative and consequently ile mttituece 
bias been taken thus far It is hoped threat 
experience will prove tit possible to adopt more 
beral standards so as to facilitate the broade 
and most economiu applieation ol atomic energy, 
\t any rate, it is obvious that avoidance of 
unnecessary exposure will make it) possible to 
vork involving unavoidable exposure to 


ado more 


radiation 





STAINLESS STEEL EQUIPMENT 


FOR RESEARCH WITH RADIOACTIVE MATERIALS 


e Blickman-Built stainless steel laboratory equip- 
ment is designed for the safe handling of radio- 
active materials and other hazardous substances. 


~ 
(#ay 


“ 


" Smooth, polished surfaces, generously rounded cor- 


ners and crevice-free construction assure ease of 
cleaning and decontamination. Basic designs con- 
form to approved current techniques adopted by 
Government laboratories and other research cen- 
ters. Variations of all standard equipment can be 
designed to meet special requirements. 


Above: LOW INTENSITY DRY BOX — Designed for the safe 
handling of radioactive materials. Also useful for work with 
bacteria, viruses'and other hazardous substances. Other types of 
enclosures available include vacuum dry boxes, biological safety 
cabinets and research enclosures, and a complete interchangeable 
dry box system. 


Right: LOS ALAMOS TYPE FUME HOOD — Designed for han- 
dling of radioactive materials. Stainless steel hood construction, 
available in 4’, 8’ and 16’ lengths. Vertically-rising door controls 
air intake. Hood has built-in stainless steel sink and enamelled 
cabinet base for storage. Duct system is attached to rear of hood. 
Other types of hoods and vacuum rack enclosures available. 


q DRY RADIOACTIVE 
WASTE CONTAINER 
For safe, temporary stor- 
age of radioactive waste. 
Pressure on foot lever 
rotates cover segment in 
its own plane, with virtu- 
ally no air disturbance; 
closes automatically when 
pressure is released. Inner 
and outer pails of all- 
welded, stainless steel 
construction. Seamless sur- 
faces and rounded cor- 
ners facilitate cleaning SEND FOR BOOKLET 
and decontamination. “A Typical Radio-Chemical Laboratory” and for 


technical bulletins about specific equipment. 


S. BLICKMAN, INC. 7906 Gregory Avenue, Weehawken, N. J. 


§ e 
FUME HOODS SEMI-HOT FUME HOODS ENCLOSURES 
IC mdan- Ul DRY BOXES LABORATORY TABLES SHELVING 
reat ANIMAL CAGES DRY WASTE CONTAINERS CABINETS 
STAINLESS S PROCESS UNITS LIQUID WASTE CONTAINERS CASEWORK 
WY te) EQUIPMENT PEG BOARDS LABORATORY STOOLS TRAYS 
STAINLESS STEEL SINK UNITS 
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/ 


Selection of / 


/ 


/ , 
! Materials 


/; and Equipment 


for Reactors 


MATERIALS 


Structural, moderator, reflector, shielding 


COOLANTS 


Liquids, liquid metals, gases; components and systems 


REACTOR OPERATION 


Instruments, accessories, control materials, driving mechanisms 


. REACTOR RADIATION SAFETY 


Protection procedures, systems, instruments, equipment 


REACTOR USE FOR RESEARCH 


Design criteria, facilities, equipment 


A rranged specifically for use by engineers and scientists engaged in reactor 
work, this report is a compilation of information vital to design, construction, 
and use of a nuclear reactor. It is a collation of the pertinent unclassified 
information that has been evolved in many engineering and scientific disciplines. 
Information is presented in handbook fashion for easy use. To emphasize 
the application of this information, it has been arranged according to the phase 
of reactor technology on which it has the most bearing. 
Security restrictions have limited the amount of quantitative data that 
can be reported in some sections of this report. But enough numerical data have 
been included to make this report a logical starting place for a consideration 
of reactor materials and components. 


A NUCLEONICS Special Report 








STEEL-PLATED CONCRETE BLOCKS shield top of Brookhaven reactor, can be removed for servicing core 


Materials 


By GEORGE E. EVANS 


Oak Ridge National Laboratory 
Oal Ridge, i HMheENSCE 





PHYSICAL STRUCTURE and oper y conditions of a nuclest 
reactor can vary over In principle a 
reactor tany operate a erature of lLquid air or at 
white heat: the power ct To i or megawatts: 
the pressure can be sub-atmospheric or thousands of pounds 
per square inch; the zeomayv b ; ina football on 


larger than i hou a 


The selection of a 
ters for a proposed 
purpose, Por instance 
mobile power obvious! 
reactor operating itn 
eflicient convers 
of the reaetor has beer 
Purpose of the reaetor 
attempt the siniultaneso 

1. What is the ba 
its nuNilliary faci 
intermediate, o 
is the coolant to be 


2. What will be the 


under operating conditt 


dimensions, masses, et 


3. What material 


obtained, fabrieated, jo 


reactor and its auxiliars 


It must be empha vA 
be isolated or studied 


18 


en marca dine 

Upon its 

to produce 

paowel density 

. 700 

iture to allow 
the purpose 

when the 


one 


ean t hie \ he 
et the actual 


oblems cannot 


TABLE 1—Properties of Reactor Materials 


HO 80 bbO: 
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ZIRCONIUM is a key metal in reactor construction. Pure metal shown GRAPHITE ROD is extruded at Harwell, England, from coke 
was produced by crystal bar process by Westinghouse pitch mixture. Baking at high temperature produces pure 
graphite 





200-400 


centered cubic; BCC 
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TABLE 2—Nuclear Properties of Structural Materials 


kl ment 


Beryllium 4 7 \ 0.0] 
Boron! 5 50 
Carbont ) Q OO45 
Magnesium t Vy ; 0.059 
Aluminum { 

Titanium t 

Vanadium * 

Chromium ¢ 

Manganese* # 

Iron? 

Cobalt* 


Nickel? 
( ‘opper t 


Zine *t 
Zirconium 4 
Niobium 4 
Molybdenum # 


Silver* 


Cadmium? 


+ 


Indium *t 
Tint 

Antimony * b B32 
Lanthanum * " ; RR 
Praseodymium * ' ( 1] 
Samarium ! ) 10.000 


huropium *t 1 3 1300 1 400 


1 OOO 


100 

Gadolinium { rl 6.000 
Hafnmium tf i2 120 500 
Dd. 13 
Tantalum * 21 
Tungsten *f V4 | ; 4 


Rhenium * 
Iridium * 


Gold* 
Mercury? 


* Major contributo 
combine high activation 

| M yor or commor 

t klements whose hig 





conceptual design er 
tubes, for example 
the selection of mate 
tubes; and the selection 


immediately influer thie h icing espe to tl t n the rea 


limits on the temy ture e st ( n tl . Fuels and fertile materials. 


following cdiseu t 


distinguish between tl 
selection ot phiy 


the seleetion 
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2. Moderators and reflectors. These must contair prop f these materials are | in bor 
iss, low neutron capture, and high Dp) ition in thermal reactors a loy vrmial-neutron 
section so yo] il neutror my mocross section is Import inti rkintainin i good 

\ reflector may surroune he active core ! itron eeonomy In ntermediite r ts if rs the 
tter back into 7 me of ‘ | mal-neutron absorption is of le roifpesme 1 any 


se would be lost by cage into the woof reactor compromises will have to rine ) veen 


It i not bean extension of tl moderator out iv desiderauta of niniindnnn Pueb Uy tor ! mim 


3. Coolants. hes must remove fission heat from. the ! ding gain, optimum mechanteal and thermal properties 


ind minimum cost 
4. Structural materials. These must 
york of the rencte Including ind energie ihe 
ire shells, tanks for liquid moderate ond la result of neutron 
nt flo ind positioning supports for fuel rods . Po simplify. repairs 
. Shielding materials. These must confine dangerou ould become necessary) the gamma 
t t nthe reactor, ! rfewooun number low In chery 
re not mutuall xelusive; a liquid mate such as aluminum, magnes 
iter mnav also serve ) ' =«] ! nel ‘ wtivi will be determiune 
phite may also set ru ! pul present: hence the estimate 
naoderator mia be combined i ist be made on the basis of Known im 
In addition there are a variety of elements such as manganese, zine, cobalt 
n the preceding entegories, such as In selecting materials for reactor use, the len trenetor 
tment components, and experimental i] ons upon the material must Iso be consideres The 
radiation upon metals are somew! Ose 
urity regulation t ie] lueces vy cold work or bv. solid-solt 
s1on of the tuetors inve doi ! ! , " l rlog Is complete \leta 
of nuclear fuel elements The sub ~ sensitive th rganie compounds Radiation d 
separately in the following i considered a trivial factor in the selection 
le will discuss the factors rel structural metal for a’ low-power, low-neutron-flux 
moderator, reflector, and shield ’ r, While under the same conditions radiation 


deciding tuetor in the selection of organte 


is plasties used for electrical insulation, obs 


STRUCTURAL MATERIALS said tea Weicdaalilec: ax ineehiatl cee aaa ok Me 
references touching upon the engi 
mportant phvsieal ind mechatr 


reactor materials are compared 


radintion damage and tmtroducing 


problem su listed in the bibhograph 
al materials the signifiennce 
; dition to the previously mentioned pliysical, me 
operties such as ductility, strength, and h : 

ind nuclear propertie i renetor structural mate 
Since a reactor is a heat producing ade 
: ae Fe L possess adequate corrosion or oxidation resist 
is thermal conductivity, coethicie , 
selected coolant wlequate ereep strength, 
wnt, high-temperature strengtl 
: rt} ined stiitatble lortinat t nal potrababity 
rhiportance particular it 
, : the following comments I » supply 


ie rmation about the metals listed u le | It is 
considerable lmportunce, espect 
‘ . Hmipossible te vive itt wlequate ‘ eription oft 

mpeting materials is so by 
such as corrosion resistanee, creep or formability 
wren roduced onl 
: sentence (or in anv form short of a thick h indbook 

‘not been offered tf 

<e deseriptions should 1) 1 quick com 


Muitstanding el 
fied 
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PX\PCTSIVE proce 


vith dubious | 
of further 
proved at 
10 py 
ater it moderate 
liquid metal it | 


duce special technia 


lots lrom severa 


Magnesium 


Light 
metal, as « 
forms Croce 

lue of therm 

Istanes 
vater 
melting point pres 
above room temper 
fo stress-corrostior 
commercial crac 
ed meehat 
tance than 


better 


PTELp Pa 
re ! 


In Corre 


Molybdenum 


lk ; 
Highly refractory. ma excellent. stre 


ductility up = te O00 
susceptible to «© | ‘ hout 
Surtace cladding 

providing oxidation 

Integrity of eoating 


excellent resistance 
provided oxidation 1 
tion low when compared 
or alloys Iasi 

formability under 
giving tight. nonbri 
difficult) but 


1O50 


show 
vreatly ¢ 
in tnwots 


up to aba (0) 


plate heet tubing 
y.. \NIlo-Ni 


high temperature 


allovs (e 


ease of fabrication 


Nickel 
Tough 


eal industry for it 


moderate 
ditions (as a container 
Oxidation resistance 
Loon? ¢ 
200 tt 


and above 

good (about 
high nickel alloy 
resistanee in chen 
high temperature 

High temperature 
Inconel X are 
thon cross section of n 


that of the au 


inl 
tenit 


Tantalum 


Very high neutror 
eation in thermal re 


a high affinity for 


22 


t } 


( 


100-500 


Losorp 

" 
metals 
ina 
niques 


hice 
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rresponadil 


j 


Im prodtueed 


Zircon 
1 tetratodice 
resistant tb 
requiring 
material 


over wie 


reduction 


onores conta 


thsorber performan grades As a first criter 
» be selected is that grace 
ite under comeditton 7 ‘ perature 
inticipated d to condi 
perature 


ind pre 


mperatures sugy 
tructures resistance 
S17 to intergranu 
estinuites In comparison to Zircon 


corres pond ol i lo COrrosion resistunee ut 


imssumptions concerning redtuethlor l The nucl Inpyver neutron ibsarpt 


1 purit 


itv is being 


Luist il quantities is di 


Stainless Steel 
| 


rements | ! properties and lower creep t 
In contrast to metals such a 
titanium, zirconium and tung 
veellent oxidation resistance in 

Austenitic stamless steels 
strient n ! vide vuartet of forms and ha 


reduction 


estublished tec | Tb gue ol forming 





TABLE 3—Moderators 


OOS O OOOO 


02 0 OLSO 


OOo O OLSO 


OO t z 4 (1) (HOTS 1 (OW) 


OWO54 ) (MM TE 


O22 7. Oooo 


oOo Oot] It) 
OOD , OOOSG , : Ooo 
OOO? » ” oor) 
(Mh) 

Oll 
OODS 
OOOO vlerator 
OO] lerator 
erator 
rator 
' 
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MODERATORS AND REFLECTORS 


The nuclear propertic 
cern in the choice ¢ 
tural material The 
reactor occupied b 
that occupied 
absorption in 
Simp) Dec 
slow downs 
bility of 
the neutron ittes 


ftornasy adensit 


s 


eTg ection 


must be low to 


Puble 3 lists some of 
Ol potent | moderator 
ability of a mater 
down powell \a 
log energy 
stance in slow 
tion is viven by 
down power to 
The method of a 
obtain the approps 
deseribed.by Ro I 
Other propertic 
points are also listed in 
Comparative evaluat 
ybtammed by ear 
tions for various config 
moderators and 
qualitative way it ¢: 
allows a small fuel in 
as in natural-uranium re 
allows a small volume 


enriched reactors 


water it must be remem 
heavy water is to be cor 


water but with the eost o 


use of heavy water als 


the initial eonstruetion 


propo 


moderating ratio 


ving down powell ‘. 


neutron 
Piini tu in, 


ind bolt 


itors is best 


design caleuls 


rinte to the proposed 


conditions In i 


ation 


I-powel density 


water and light 


initial cost ot 


the cost of light 
enriched fuel The 


litional expenses in 


on against loss Dariim 


funetior 


H! compounds (such 


Phe ' icy require- 

a thermal reactor are 
mierator requirements, 
reflector is to reduce 
Importance or value of the 


volume ratio 

»> moderator 

i separate 
moderator mate- 
iso con- 
noderate energy 
moderator may 
inuterials of large 


yenel ill high Ith 


nuclear 

his exten- 

materials will not be 

large quantities of shielding 
generall ti dominant factor in 
powel research reactor may 
more of shield. Cost con- 
weighted differently in shield- 


vhere minimum weight or minimum 


shield for combined reactor radi- 


must perforn ind material capable of performing 


Attenuation of fast neutrons 


al 


fuel enrichment these funetions, are outlined below 


\lost efficient], per- 


elements of high atomie number through inelastic 


Process produces gamma rays, so 


purpose should be placed close to the 


llow these gamma ravs and also reduce 


material for a given thickness some 


high-dens ty 


wossible clement tantalum, tungsten, thorium, lead, iron 





TABLE 4—Heavy-Aggregate Concretes* 


Porthind 
Port! ind 


Portland 


Portland 
Portlane 


Porthind 
Larrinite 


Lumnite plus Port] 


* bor detail 
t Borax fires 


5.000 


> 00 


> 00) 





24 
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2. Attenuation of intermediate-energy neutrons. 
formed through elastic scattering whi 
ficiency, reduces the chote 
iter) as an essential Componen 
3. Absorption of thermal neutrons. Requires the pres 
high thermal-neutron absorption cross 
do not vield hard capture gamma 
most obvious choice is born reid 
tinal components including tpurities 
inv be adequate to remove therma 
ut even so the addition of boron ts of 


quantity of (ay) radiation by 


screen 

‘ y ma emitters from thermal neutrons. 
4. Attenuation of gamma rays. Primarily requires 
ensit For minimum weight (minimum cost 
material it should be adjacent to core 
density material must also be located near 
d to stop secondary gamma radiation created 

it} held Same elements as in 1. 

5. Attenuation of heat. Innermost region of the shield 
ny exposed to possibly high te mperature 
Intense primary gamma radiation 
thermal shield’ must protect outer 


vhich often may have lower thermal 


this purpose thermal shield must be « ipable 
thermal stress and possible corrosion ila 
coolant is required, This suggests iron, steel 
shields these functions are often not so 
For example a single substance 


nsity concrete or a “swimming pool” full of 
these functions 
ative merits and estimated costs (as of 
a wide variety of shielding blocks, ce 
and boron vehicles have been reported 
110). A considerable amount of more 
ition is also been declassified concerning 
iVV aggregates suitable for use in reactor 
in all-water shield for a low-power research 
heen deseribed by W. M. Brazeale (116 The 
the “swimming pool” are made somewhat 
ft) than needed structurally to allow 
elding in case of accidental loss of water 
ckness of the water shield is determined by 
erances rather than by neutron tolerances 
vater shield could be greatly reduced by 
hes of iron or lead 
Nuclear Reactor Catalog Pand p. 65 
Importance of conerete as a reactor 
Ordinary conerete is composed of a 
ite (sand), a coarse aggregate (gravel 
st common variety of cement is Port 
n addition to an acceptable water con 
hydrogen per em and more tl 
~4,000 psi in compression) has the 
a well-established technology 
concrete used for shielding is norma 


aggregates such as 


wy 
\ detailed report ol the formulation 
es, and physical property charts has 

ther and Kitzes (724) on the con 


ed Satisfactory results with some of 


retes required spree ial handling nnd curing 


letuils see the published reports 
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AIR INTAKE DUCT formed of cast concrete channels coolant air to STEAM GENERATOR of Experimental Breeder Reactor produces 
Brookhaven reactor steam at 550° F, 400 psi 


SECONDARY LIQUID-METAL COOLANT of EBR instal'ation is circulated by pump oat left. Cylinder at right 
is heater for melting coolant after shutdown 


Coolants 


By O. J. WOODRUFF, Jr., W. J. McSHANE, and W. J. PURCELL 


fomur Powe J) or 4] ‘ linghouse Klectri Corporation 
Pit hargl Pens ania 


<e tor future re 


OPERTIES 


these oolants 
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suitability as reactor « 
nent nuclear properti 

Nuclear cross section and moderating ratio. n se 
ing a coolant for a react oO nmue rye f of coolants 
must be given Sper séterine 
and capture cro ee 


is always desirable to 1 neutrons 


The desired value of t} teri tion will depend 
upon whether the reacte ra n the thern nter- 
mediate, or 
moderating propertie 
for thermal reactor 
seattering cross sectior 
The effectiveness of 
evaluated in terms of 
Table 1 lists the nue 
range of the fluids mo mmo onside is reactor 
coolants; the only coo moderating 


Helium 


MACrOSCODL 


qualities are light water 
because of its very lo 
seattering cros er is a 
moderating coolant 

In fast reactors eve 
amount of coolant or sti 
minimum to keep neutron 
as possible to reduce 
the amount of coo 
low, almost any of 
instances, be used 

While any of the fluic 
coolants for thermal cto ind D.O (be 
then superior nuclear proper ! n general more satis- 
factory than liquid meta ilso be used 


successfully for therm MACrOSscopl 
capture cross section is | \ material other than 
air, of course, must be - the moderator 

Neutron radiation products and half-life. 


coolant under neutron bombardment fort 


If the reactor 
isotopes whicl 


decay by emitting high-ener gan ri the shielding 





TABLE 1—Nuclear Properties of Coolants 
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“7 

0 | , § 250 
9.930 
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0 OIS 
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O) OOS 


0 OOO60 
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ste 
Density and specific heat. 
the external heat « 


it is desirable th: 


metal i 


f compara 


ol ther lower specif } This 


Non ilkal | 
Course itt 


lower densities ¢ 


Pumping power. Pumpin; 


as the cube of the muss 
of the densit Thi 


adecreasing alues of 


tl the flow patl 
e mH ! ! : ! sii i ookiunt 
specific | ind dens Wil i relative 
pumping power mon | its ted in 
iter shows the 
istics while g 
of course, pa 
reactor plant 
become a ver 
output 
Heat-transfer coefficient. 
; ‘ 
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seen, liquid metals have a distinet 

ily to their high heat conductivities 
oethicients can be obtained with water in the 
temperatures for which it is considered a 
int To obtain a reasonable coefficient, heat 

face, and temperature difference with a= gas 

int. extremely high fluid 
Boiling point and vapor pressure. 


eoUu t atmospheric pressure and temperature, consid 


velocities are necessary 


For coolants that are 


ng point and the vapor pressure is of no 

\ high boiling point and a low vapor pressure 
oolant are highly desirable so that a low-pres 
mperature system can be designed. Table 2 
iquid metals have very high boiling points and 
Consequently, for 
} 


hig 
hi 


ressures compared to water 


ng reactor plants that require reasonably | 


water-cooled reactors will involve hig 


ping and vessel designs in contrast to the liquid 


net , rift 


Melting point. Consideration of melting point as a 


n for selection of a coolant is necessary only when one 
¢ the use of a liquid metal Potassium and the 
sodium, 44% 


ssentially room temperature 


56 ¢ potassium by weight 


Sodium and the 
netals, lead and bismuth, require’ preheating 


ing molten; this complicates system design 


WATER 


Wate r has been used more extensively as a reactor coolant 


than any other material The reasons for this are 

1. It is available in large quantities it low cost 

2. Relatively low pressure drops are required for flow at 
Significant rates 

3. Water has relatively high heat-transfer coethei 

4. There is a large amount of experience in its 
heat-exchange medium 

5. Its high seattering cross section makes it 
moderator in thermal reactors 

At the same time it has two serious disadvantages for 
some types of reactor designs 

}. Water cannot be used very readily in unenriched 
thermal reactors due to its moderately high neutron absorp 
tion cross section 

2. When used in power reactors which must operate at 
relatively high temperatures, water requires high-pressure 
piping and vessels due to its low boiling point and high 


apor pressure 


System Design 


here are three basic systems that are used: the swimming 


once-through, and recirculating 
Swimming pool. An example of the simplest system is the 


Swimming Pool” reactor in the Bulk Shielding Facility 
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FIG. 1. Once-through water coolant systen Cc. 
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System Design 
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Binary liquid-metal coolant system 
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binary svstem acerues from confining the radiation induced 


in the coolant in passing through the reactor to a smaller 


svstem, minimizing the hazards of a radioactive leak to the 


steam svstem, and from a possible shic 


{ weight reduction 
in that shielding is needed for the primary circuit only In 
choosing a design, these advantages must be weighed against 


the added systems components, and lower coolant tempers 


tures available for feam generation that result from a 


binary svstem 


Components 


Special consideration over nd above est iblished prac tices 


Is necessary in the design of components for liquid-metal 


systems The high degre Coomnt purity required the 


necessity that the svstem be leaktight, and the high melting 
point of the coolant add to the difficulties of component 
design. On the other hand, the metallic properties of the 
coolant permit a unique design of 4 instruments and 
aUNXITiAries 
Valves emploving be metal-to-metal se; 

As in 
welding pro 


ful design \s 


a precaution against bellows fair ck | ‘llows design 


have been used succe stems 


metal 
the construction of the 


rope 


cedure and leak testing 


with an inert-gas atmosphes nh bellows and provision 
for leak detection ha 
For alkali-metal 
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tuken to avoid 
» metal coolant. 
to date i double tube 
oncentric tubes or adjacent tubes, with 
‘Nn tubes filled with an intermedigte 
between tubes The schematie, 


pe of construction in the steam 
intermediate fluid remains stagnant, 
quisite of this fluid 


ad successtully ou Cupacity soth 
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Maraday a-c¢ pPllinp to small systems 
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Induction type electromagnetic pumps have 


These are of two general tvpes—the 
helical flow and the linear flow The helical flow appears 
best suited for high-head, low-flow svstems Pumps of this 
type have been built which develop heads of 260 ft and flow 


rates to 400 gal min with efficiencies of 15-20% The linear 


Induction pump appears best suited for applications where 


large flows at moderate heads are required Pumps of this 


tvpe have been built with capacities of 1,200 gal min for a 


head of 110 ft wit! efhiciencies of about 30% 


Generally speaking, electromagnet: 


pumps are much 
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itisfactor) Thev tend to drift, are slighth 
temperature, and are dependent on the pipe 
y wetted For level indication, buovant-tvpe 
e been found satisfactory Impedance 
ype electrical level indicators have been 


the two, the resistance tvpe appears more 


reactors constructed to date have used air as 
nt and have been intended primarily for research 
Phe cooling air temperatures for reactors of this 
is those at Brookhaven, Oak Ridge, and Harwell 


low and are not intended to produce useful 


high-temperature application of an air-cooled 
ld be for aireraft) propulsion. The present 
a conventional aireraft gas turbine could be 
the exception that the combustor used for 
rstream would be replaced by a reactor 
high-temperature application for a gas-cooled 
the generation of eleetrie power By incor- 
i vgas-cooled reactor into a closed-eycle gas turbine 
power plant of reasonably simple design and. of 
low space and weight requirements could be 
Helium tor this application would be especially 
because of its relatively good heat-transfer proper 


m from corrosion problems, and desirable nuclear 


System Design: Open System 


ictors operating at relatively low temperatures 
ur cooling has certain advantages, including 
of the cooling system, employment of con 
equipment and minimized corrosion problems du 
int itself 
se, there are disadvantages to the use of air cool 
ng: iarge equipment size (blowers and ducting 
the very low density of air at) atmospheri 
ither high power requirements for circulating the 
eat-transfer coefficients, and dispersal of the radio 
discharged from the reactor 
sigh of an open system for an au cooled reactor ts 
simple, as may be seen from the schemati 
Fig. 4 


dust particles from the cooling stream to prevent 


Filters on the inlet side of the reactor 


the reactor heat-transfer surfaces as well as to 
rloading of the filters mounted on the discharge 
ctor The cooling stream next passes to a 
1 chamber where the air flow is distributed 
jing channels in the reactor to remove heat 
fuel elements 
lischarged from the exit plenum chamber of 
airs drawn through a second filter at whiel 
e material picked up during passage throug! 
passed by the inlet filter is trapped out of the 
\fter passing through the exhaust blower 
the reactor and exhaust filter, the an 
» duets leading to an exhaust stack where the 
ng air is dispersed into the atmosphere 
located downstream of the reactor 
inside the reactor is below the ambient 
preventing leakage of radioactive air into 
surroundings. The principal concern, from 


i radioactive hazard, is not the oxygen but 
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FIG. 4. 


Once-through air coolant system 


the argon in air which has a relatively long half-life of nearly 
two hours (14) 

For a design in which large amounts of power must be 
dissipated, it is probable that two or more parallel ducts to 
the blowers, as well as several blowers in parallel, will be 
required For such a case dampers in the ducting would be 
needed to balance the flow resistance in each path, and 
valves to isolate each blower would be required so that repau 
work could be conducted without shutting down the entire 
reactor cooling svstem 

To reduce the physieal size of the duet work and the 
blower as well as the temperature at whieh the blower is 
required to operate, a heat-exchanger may be incorporated 
into the cooling svstem ahead of the blowers Conventional 
finned-tube air-to-water heat exchangers may be used with 
cooling water supplied from any convement source such as a 
lake or river Water treatment facilities, depending upon 
the quality of the water source, must be supplied to prevent 
fouling of the heat exchanger by the cooling water 

If the reactor operates at a sufficiently high power level for 
reasonably extended periods, the above auxiliary cooling 
system may be utilized to supply hot water for the heating 
of the site buildings: this has been done at Harwell (74 

In large installations the noise level resulting from blower 
operation and from the high air velocities in the duet work 


may become a problem lor suc h cases it will be HeCOCSSATY 


to install sound-absorbing devices in the duet work 


System Design: Closed System 


The following advantages result with a closed-eyvele gas- 


cooled reactor for power production: minimized corrosion 
problems due to the coolant itself, elimination of fouling of 
compressor or turbine blading as well as heat-exchange 
surfaces, and utilization of component design experience of 
the gas-turbine industry 

The following disadvantages are seen for a gas-cooled 
reactor for power production: supply problems with use of 
high-pressure helium unless seal leakage is held to an 
absolute minimum, high pumping power even at elevated 
pressures, heat-transfer coefficients relatively low even at 
high pressures, and moderately high system pressures 

Although there are no known gas-cooled reactors con- 
structed to produce useful power, the possibilities of such a 
design are attractive. The basis for a reactor plant of this 
type is found in the design of the Escher W AK closed- 
evele gas-turbine plant (16, 17, 18 This plant is illus 
trated schematically in Fig. 5. Gas is compressed in a 
two-stage compressor with an intercooler between the two 
stages, and is passed through a regenerative heat exchanger 


prior to entering the reactor 


Heat pie ked up at this pout 
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in neutron flux above iseful 
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absent Commerce mn-coated sensi- 
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Feedback used for stability and 


reduction (9 Output in milliamperes 
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il of safetv rods with reactor subcritical 
differentiating circuit connected to output ol 
usually 


implifier Output in microamperes 


re <ponding to nbout ]-se¢ period reading dis 
converted to 


Adjustable con 


obtain signal 


commercial microummeter  o1 
ve commercial recorder, 
microummeters, used to 
dangerously short reactor periods in the order of 
can set off alarms or trip reactor safety circuits 
L period at center seale 


short 


ters operated with zero 
oth positive and negative period values 


gives positive or negative full-scale defleetion 


INSTRUMENT ACCESSORIES 


I} lition to the basie elements, described under nuclear 
detect ind indicating instruments, the complete instru 
met innels require power supplies and cables to com 
The elements used are commercial! 

to reactor instrument use, and rarely 

1uclear field of appleation 
dal-tyv pe single-conductor cables, with about 
for example RG-/11U or RG-/59U) used for 
nection between neutron detector and ampli- 
nstrument Multiconductor cables with 
hield used where many interconnections 
Suitable commercial cables 


hetter than 97 


re NecessiaLrs 
© braided shield covering 
stranded copper wire in sizes from 

pe polvethelene insulated and co 
desirable 


aluminum cond 


procurable with any 


for example 
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Cable connector. Used to fasten cables to detector and 


imaipuher chiassis; Commerchalls 


available t! <tyvramic 


nsulators satisfactory ino fluxes up to 10 
encountered at neutron chambers 


Used lal B+ 


tilable commercially 


Electronic power supplies. 


electronic amplifiers; ay 


( regulation trom) no bon Ito tull load 


with better than he 


ith line-voltage variation of ZO): ripple tess than 0.008 


ait ind relatively low internal impedance 10-15 ohms 


Also supphy 


have ihout the same regulation ripple i ) > 1 ind 


letectors: 


up to about 2.500 volts for neutron 


nternal impedance about 1,000 ohms 


Dry-cell batteries. Provide reliable pedance 

urce of power for neutron detector Sever thousand 
volt packages easily assembled from: commer itluble 
inits, disadvantage being necessit of frequent replacement 
Standby power sour Yor 250 


T tal] 


1) dinpere hours it b hin Lise hy irge rate cothh 


Wet-cell batteries. 


Volts «lt nm Various enpacities ition 
capacity 
mereially available assemblies used, floated on d-c generator 
driven from a-c power source This d-e power source tre 
quently used to power d-c motor-driven a-c generator to 
provide power for vital electronic instruments and control 
cireuits 
Motor-generator set. 
sets used in commercially available sizes to about LO kw te 


Wet-cell] 


Both u-e to cd-« thd alec to mee 


provide reliable powel assembly (see batteries 


ELECTRICAL PROTECTIVE DEVICES 


Reactors are damaged by power operation that exceeds 


design values Kleetrical protective deviees prevent this 


tvpe of damage by initiating rapid negative reactivity 


changes called ‘“‘seram” and should be both reliable and 


lust acting (J) 


combined in the design of a single unit 


These two characteristics usually are not 
so that more than 
one type of device is used in each protective circuit; several 
eparate circuit assembles guard against failure of one 
False operation of the protective system may be prevented 
by using a comeidence of two danger signa to initiate 
protective system operation 

In general, ion current chambers are used to operate these 
devices, the trip value of current being set experimentally 


in initial reactor tests to between 1106, and 1506) of the 


Rapid cl inves mn 


design power for low-power reactor 


) 


flux are limited to between 3 and 5 see by period-type 
protection circuits 

Magnetic relay. Sensitive meter-movement-type relays 
with an impedance of about 1,000 olims that me contacts 
When mince 


until reset 


on 20 wa or less available commerciall 


contacts held closed by permanent magnet 


Relays connected directly in ion current chamber cireutts to 
operate at fixed chamber current corresponding to about 
110% to 150°, of reactor design Prowse ( ren et by 


} 


wiju table shunting ol relay or Ta moving itnber to 


location where high flux will produce requi relay trip 


eurrent 


Electronically operated relay. | current 


corresponding to about 11067, to 150°) of iv power in 


inion current chamber circuit Consist tmbination 


of an electronic amplifier designed to operate nmerenally 


ivailuble sensitive relays that pick up at abo ma and 
fall out at about 0.5 ma. Cireuit arranged to « relay 


» fall out when producing scram action, pro 


Mt ivnal against loss of powe! suppl 


Period meter. Used to initiate protect 





period 
seribed 

Initinted 
requiring 
oper ited 
AIM-Ope! 


lQhor O 


AUXILIARY INSTRUMENTATION 
Auxil 


exchange! il¢ 
Measurement 
perature ure 
Similar mes 
setting off alarm 
changes in the re 

Selection of the component { em depends upon 
plant design, and the d | re eculiar to nuclear 
applications Supplier ot 1 istrument control stem cor 
general industrial use r | ndard units I] D-c amp 

n 


requirements, or can adapt tl lare i hi ena peclal ' ' Pn ip Ol mpliner 


lifier. i to ipoul nh chambe! irrent 


special plant need Hpue ¢ I pro l ‘ li ul Nn MUCK 4 rrent or 
Flow meter. For liqu olan h a ivy or ligh re SOUrCe mtrol point or power reference 
water, flow usually measured fir ; vr Venturi i tal input ince of amplif 9 X 10° ohm or 
type flow meters that } ‘ f ial _— Ww tes ! nged r nT ith respect to 
principle or riage Onstant 
eleetris venerator mit ( ity lies { ( (> ¢ : }) ererence 
calibrated by ma 20-40 ser 
several hundred « 
of 1% of op 
magnetic flow ! ntiall erato ¢ of demand 
that normally bh utp - , recorded o Micromicroammeter, recorder. 
commercial millivolt ( 0 instruments hamber current sig 
can be equipped conta j mal or pro 
tective-circuit oper 
Pressure gage. T is | r properties 
suituble for use in reacto Nn | pole pro 


atmosphere for re dee 
pressure ranges from ; — ser nce Vibrating-reed electrometer. 
Information about pr i { | ition ro CTT current int 
reactor indieated b 
making yaves uselul fo 
of several commercial te 
pressure information. t 
addition, wide range of 
indicate and reeord pre ire 

Temperature instruments 
such quantities a 
perature both at react 
coolant temperature 
applications ean be reeo 
air temperatures up to Le ! \ : f 10-5.000 int 
bulb-tvpe instrument nh aeceu Te : Motor starters. 
generally used, with in 
lary tube running be 
location Temper iture 
measured by commer 
eters or thermocouple 
to provide easy re 
prevent deterioration 

BTU meter. Used 
power as indicated by 
Commercially avail 
mensure ib oa species 


racy. Value indicates 
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Rotating amplifier. Commercial 
wiuction-motor 
d-¢ motors 
ve shim and 
implifier may be obtained 
Voltage source battery 
itotransformer and rectifier rated at 
be controlled by flux signal amplifier 
l evguliaution 
Hydraulic amplifier. Used to convert control-amplifier 
operator-controlled signal, at power level 
to hvdraule power signal suitable for con- 
motors or pistons. Essentially magneti- 
es, specially designed and furnished by 
hvdraulic equipment used with hydraulic 


drive unit 


REACTIVITY CONTROL 


V hie vity of most nuclear reactors is controlled by 
n thermal reactors, have their greatest effect 
rneutrons, or, in higher energy neutron reactors 

ictor leakage, by moving reflector or modera 

the loading of the core by moving the fuel 

gn and selection of materials is fixed by 

1 Absorbers such as cadmium and boron 

nd are often clad in steel or aluminum to provide 

hhity ind 


protection. The designation 


generally given to any mechanical device 
to change reactivity, although some units 
reactor flux control is achieved 


Hergeney 


boron steel shot, or similar neutron absorbers 


to tubes placed in the reactor for that purpose 
Safety rods. Used to provide several per cent of nega 
( t t under all possible loading and ambient con 
ntemplated for reactor, with all other rods in 
positive reaetivity position Rods and 
designed to change reactivity in positive 
«“, and to be moved through 
before shim rods are moved (reactor still 
inetically latched in ready pos 
fust reactivity reduction) under 
itv, springs, flywheels or hydrauli 
Compact rods usually raised b 
hoists, commercially available, with 
ise rod for seram action More 
litted by specially designed hy- 
Shock absorbers used to 


! \ jacks, 


prevent damage to rod and structural! 


Shim rods. Used to provide reactivity control in amount 


renetor purpose and operating condition 


/ excess Reactivity Requirement 
signed to move rods slowly in bot] 
e reactivity changing direction it 
to 0.1 %/see (usually adjustable over 
ing screw jacks or rack and pin 
ed to position the rods to about 0.001 
responding to mechan 
Backlash whiel 
controlled mo 
t mitist 
<6 and 
between 


I] 
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Regulating rod. Used 
inges in the order of O.OO1 
rom O.00L°D see to O.1! 
two pl ise a-c motors 
speed adjustment that pro 
sVvstem gain \Iaxim 


this rod held to total of 0.667) o 


control 
depending 
afety system to prevent lig tus reactor 
ines Drive mechanisms either 
ks, or rack and pinion, Rod weight 
to reduce control power requirements 
Shim-safety rods. Used in many reactors 
safety-rod and shim-rod action; ball-bearing 
or rack and pinion drives move rods slowly in po 
negative reactivity changing direction Holding magnet 
magnetic latches, or clutches release rod, from any operating 
position, for movement in negative reactivity changing 
direction under power from sources of stored energy such 
is springs, gravity, or hydraulic accumulator pressure 
Speed range used for control at normal power operation is 
about O.OOL° to O.OLS% ‘see, tis adjustable in that range 
Scram speed as high as possible with shock absorbers at 


ranged to stop the rods at end of stroke 


ROD DRIVE COMPONENTS 


\Mlechanieal assemblies, for mo ing the renetivity. control 
rods, are made up of commercially available unit Rods 
may be moved horizontally, vertically, or swung through 

Basically, the choice of design component 
upon a means of converting rot itional te near tiotion 


ind the seleetion of a motor t) pe md spent df Special bear 


ih fare hinges 


Ings are required for service inside reactor shield 
lubricants deteriorate rapidly in neutron flux an berry 
ings are relatively inaecessible for maintenanes 


D-c motors. Used to drive all types of contro 
issociated rod-driving-mechanisms (Commerciall 
iIn-sizes from 4og-3 hp used Starting time con 


it lt ible 


ible Types 
operation obt inable 


stant usually 30-1000 msec 
Voltage 12-2.) 


over adjustable speed range of 10-1 
olts; usually supplied by full-wave rectifi ind’ saute 
ransformers connected to a-c supply | otor arma 
ture impedance 100 olims or less operated 
constantly excited to obtam dynam 
r accurate rod positioning 
A-c motors. Single- and three 
iilable; used to drive shim 
ds ut selected constant speed 
transmission that provide adjustment 
steps, over a range of 10 or more in 
fixed maximum speed set by line frequene 
used range from '4 to 5 hp 
‘rvo-type motors i! frequen 
used to drive regulating rod 
by autotranstormers tor 
controlled by flux 
edtoadri 


imnpliiers 

Hydraulic motors. | 

napplications where unit can be mounted 
or shield to avoid rapid oil deter 


ron flu | 


Lead screw 


Pype having 





SCTeW JACKS preley 
efficiency as Compa 
commercial! ivil 
Usualls 


Rack and pinion. 


made to ord 


rods; provides ses 
cated out of steel o 
tions of particular 
roller and ball tvp 
Cable hoists. 
rods weighing up to 
avallable commer 
tion motors, gear he 
Holding magnets. 
drives to provide for 
mechanism (1 | 
with stainless steel 
and lead wires; holding 
faces on rod and drive 
zero-current holding 
expedited by providing about a ip clearance 
the face (12) MIngnet \lagnet 


usually covered with good grade ol g ition 


Magnetic clutch. mimercia friction-type 


magnetic clutches used te pare ft drive shafting 


in safety or shim od di ign such 


that clutches deenerg 

head being released 

gravity being allowed 
Springs. 


storage units to pro 


Sper ial] 
safety rods. Tailores oe ryprine on: fore cle eloped 
usually sufficient to 

Shock absorber. | to stop ser ned control rods 
Specially designed ur or oil where stopping 
action is appled to rod di Mmechanist or use reactor 
coolant as compres e medium whet od lf is released 
from drive. Commer 1 ils vith variety of 
| 


stopping rods 


force vs distance ec] 
weighing 20-100 Ib at lo insure 
sufficient fast rod= tray hock 0 ction usually 
limited to about 106% of 

Limit switch. Limit sw of precisio nhap-action 
type, rated at about 5 ,; amp d-c at 
110 volts used extensi is: tray mit devices, position 
indicators, positional interlocks, control switches. Com 
pact and reliable commer ' ‘ ( 

Position indicators. mtrol-rod positions indicated 
remotely by instrument-tyvp eh rs having restor 
ing torque of about 0.5 lisplacement 
Units used to drive needles with 
clock-tyvpe dials, calibrates n ital nits of displace 


ment. Necessary to gear di ng ul | with accurate 


gear trains to obtain remote displacement 
corresponding to about 0.0005 vy change For 
measurement of smaller nehro pairs 
used, one course, one fine, incorporated as part of an instru 
ment servothat inherently « TH ’ 1 vi] of anin 
correct reading and pern t \ { IN control devices 

Tachometer. Used to hiliz ft ting-rod feedback 


f 


control systems (/ unnel te pergd . signed ove! 


speed and overtravel ut flux regula 
tion or control-svstem failu rm iItage propor 


tional to speed; types ommeretal ited at about 
1 volt, 100 rpm, wit! 


40 


10.000 100.000 olims 


OPERATIONAL DEVICES 


“een bt thie 


Selector 


taneous! »Popernte 


] 


Loch pDUrposes 


Push buttons. 
etrie motors 


Thiblar «le ( 


of both norm 


Relays. 

requiring: up 

quence interlocking 

Usuall it least 

closed sets of cont commercia 

more sets of euch contact 

Annunciator. constructed 
idupted to 

conditions such 

| 


peratures OSS 
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CALIBRATION ROOM for reactor installation is similar to this one at AEC'’s New York Operations Office 
Note jig for holding film badges, instruments on remote-control dolly, next to source shield 


Radiation Safety 


fo ra ae eae tor By JAMES M. SMITH, Jr. 


Radiologie al Seiences Li partment 


Hanford Lfomere Product (iy aft 


General Llectric ¢ ompany 
Richland Wash ngton 


ao 


REQUIREMENT of adequate radiation 


; 


sulety \ternal exposure vhich mioust be 
significantly affects virtuall evel preseribed permissible limits, usual 
construction oper ition and m Radiation exposure trom contatnination 
lity A brief summary of the imore difficult control problem a 
ctor radiation protection program mia iternal exy 
ciating the types of materials 1 the body through inhalation ye 


yosture in that the racionet 


‘ 
tion 

the skin, or entry throug! mothe 
blems of radiation protection « t 


There is the basie problem of the DESIGN CONSIDERATIONS 


eritienl assembi Plans fora reactor mstallation should ine 
protection from an naterial w on radiation protection ba 
neutron fl R l . ‘ construction minteris 
HECOTME PACLO ! edd monitormg ~te 
must consis Facility Arrangement 
he control of 
ind the contro 
i Ustlal Tine 


is escaped trom t 


posited on surtuces or becotne 


pure radiation Sources 
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INSTRUMENT REPAIR and maintenance is necessary for proper 
operation of a health-physics program 


segregated from the aren Ol Occup personnel 
during routine reaetor ope ol effective 
radiation protection me control 4 rreutly enhaneed 


When personne] rer 
the facility is restricted 


portion ol 
controllable 
contamination con 


routes, practical Pro- 


Vision ob proper equipment points for survey 
of personnel, clothing and juipmen . ilities for 
decontamination of mates ) remo | fro he radi 
ation zone, Is essential 

Arrangement of the entilution svstem 
normally provides for flow of air frot mes of least expected 
contamination, to renetor rac thon Zon ind then to 
exhaust stack Vent hould provide 


for continuity of ai flow 


Materials of Construction 

Consideration must be g ! oO ma used where 
removal from the reneto maintenance Is 
required examples of ( juipmer ire reactor control 
mechanisms and expo SoOtoOpe production 
In general it is desirable to use materia Which do not 
become intensely radioactive oidable. to 
use materials with rapid d i hat shielding 
required to control radiation hazards following equipment 


removal may be minit contamination 
should have sur 


products that ean 


problems, assemblies expo 
faces which will not pro 
spread as a dust onto 
Reactor building surface whi may be subiect to con 
| 


tamination must 


Mlost contat 


cleaning 


42 


PROTECTIVE CLOTHING is worn in radiation zones when required, 


varies with hazard 


tivities ! Ol quipment are f un Ww is Cor 
rosive to encounteres hoa radrochemiue 

laborators econerete and ste surhaces protecter 
with plastie-b paints sre norma <utisfaeton In 
particular ¢ ittack is potential, desiyn 
requirements . Pryathea i ippropriaute tor radto 


chemical laboratories 


Installed Monitoring Systems 


Permanent svstems ¢ i , lanned 


monitoring, air monitor 


The gamma monitoring stem discussed 
Instances appropriate! nelude neutron 


Gamma monitoring system. 


uments rious radiation 
rencetor \\ 
recorded central po prete it the personnel 
iCCeSss 10 1 . | - i renern dination els of 
interest pimecdin i tilable prio to enti ft per- 
sonnel into the radiatio Zone are nificant ehy 


in the radiation | eture are letected 


eorrelation with 


y conditions will allow detern 


eonsideration r propel 


tion of causes 


ment of the monito hain Ss must be made to pre 


recordin nstruments 


issist in the ! ed te cletectiol 
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wieated by an installed monitoring QPERATING CONSIDERATIONS 
ropriate to place alarm trips on the 

irm settings at a point sav 50% above \iaintenance of adequate radiation protect 
on level Keonomy in such a svstem is continuing, aetive 
of multiple-point switche 


hes, ampliters 
i number of monitorimn 


suel 


CCpUlres 
program adequately Strath Included 
row! hould be personnel mete 

be ; . Zé control tation = tne 
: ,commercia iVallal | ) calibration 
e of only several minutes 

Air monitoring system. 


imiiation 
isurements 


+ 


1 


The determination of concent 
el ite! il in the 


iment 
all n the radiation zo = usually desi ible to pre tele 
it facilitated by the use of an in Moni 

stem \ piping m actuated | 
S appropriate 


ne 
hes 


Monitoring Organization 


pers 
work who do not have 
‘ be of the total 

y is planned led to carry out a 
ver a period ot ! nain 

onl 


r Personnel Metering Program 
tion of ( 
} equivalent vrouy portable 


Oper iting »p 
1 
nos USUATIN 


radintion protection 


Inanent rec 
op ting pe 
I usable | 1a! “— 


ord of 


sonnel 
or filtration sampling 


radi ition ¢ 
determining the 


- essential lintion 

In addition to providing im I 

presence of rads > @Xpos 

drawing the air sample through a Is 
and tor 


itts 
! LTtie tits Proy 
air sampling b 


‘ itor 
mamber ) 


innual 

etering 

ides en ting of significant exposures 
planned or unplanned, so it add 

idioisotopes not readily detected vork may be regulated | 

neausurement Such installed equiy 

essary for the continuous monitori 


ition air to be 


it 


SHDOerVISIO 
m badges and pocket chamber 
: | reactor operating 
discharged , . 
eoolnnt ni 


hot 


ine 
e) | ' 
ed of 


i, Whether 
Tamper} 


prool Tein 
rable 

Ltvie 
In reactors whe 


Water coolant monitoring. 


oe Radiation Zone Control 
iy or secondary coolant, it Radiation | 
the water to a publie stream Thu super 
a significant responsibility. t t trom 
effluent is safe with respect ire 
material, 

secondary coolant 


wate! 


Is Ustli 


iZards control 
Inanagement 
rad 


dependent 


entrance to 
tiation Zones 


Standard op 
ippropriite for routine work, and 
wedures are suitable for 


ties and equipment that 
contamination 


| 
0 


nonroutine 

» primary ‘ assist im pre 

ulating svstem, the problem Is simpl control are listed 

of 1 control on page 45 
he sec Thus control] 


whether any of the primary coolant has 
ondary coolant stre 
zation chambers 


8. 


ili 


inn othe 
immersed in the effluent 
VV continuous water s imple ey “poration 
ent techniques 


each ith suitable 
mentation 


Radiation Measurement Laboratory 
In the operation ol 


i 
bt radintion mic 
renctor coo 


reactor radiation protect 
isurement 


and anal 
counted 


wtivities 


(il WoOvTAM, 
laborator Is essentia 

ounting 

unt is 

are 


lor routine 
Airesal 


sis of ip t« must 
Air-sample serubber solution int be 
inalvsis Routine effluent coolant 
radiochemical anal 


present in the coolant 
of soluble salts are subjected re 
rdment as the water passes through the 

mn of the effluent in large basins for se 


to | 4 decay 


. imple = 
jluire 


pre- 


\sis 
tilt? 


ing 


it \ 


and 


with 


pul 


yusSeous 
vera CHVITODS 
SOll egetation 
When samples 
ihout 95°) of the acti is stil content to insure 
ealclum are 
fluent activity 


ind liquid effluent 
require routine nionitor 
of the short-lived isotope | 
eturned to the Columbia River require evaluation 
| duc 
but trace quantities of isotopes « 
ind 
the 


rey 
that the 
pres¢ nt 


reactor operat 
Hecting the public domain 
well 


Thus 
; ol the 


Instrument Calibration Laboratory 
and mea 


( 
knowledge 
] 


released wate 
ition assurable in the 


As a radiation protection program ¢ 
iver Is necessal nstruments used im om 
idequate instrumentation is complicated mination surveys, the importance 

onitoring equipment in contact with the 
contaminated, and undesirable | 


isuring instruments in good repa 
rae e Is required | 
measurements must be 

which does not 


ining 
Therefore 


in 1OW vrotnea 
Lrepair ol all instruments can be 

contact thre wate! Rad ition 

isurement of gamma radiation tron 

In retention ba 


back 


soures 
slow-neutron, and faust 
Is 4 practica trengths must | 

es in efHuent actiy 1 . tion 

requent sampling to i 


liochemical 


nre required 
nung 


li¢ 

e approp 
Instruments, and tor 
I | i> ing Instrument 
\ sampling a under « lo 
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requires 


ontaminath 





nnel 
43 


meter films from the fil: 


must be e 


xposed to known quan of rad 
quantitative evaluat 
made 
Such a facilit 
program of its © 
properly protected 
This 


ol the sources 


protection 
indi 
such as telescope 

ata 


EQUIPMENT TABULATION 


The preceding 


safe distance tro 


sumt 
protection program for a mu ry ‘ es 
the diversit 
Tabulated here 


most of whieh 


tion of yrnie 
ane 

inf 

cially available, ex 
parts commereciall 
local condition 


ment tor 


specially designed for part 


Monitoring Instruments, General Survey 


Alpha detection. Poy) 
operated types in usé 
500 


tivity as low as 


detection-ty pe surve 


equipment, surfaces, too 


Alpha measurement. tru 
general use 
Poppy 10.00 
Alpha meter 
to 50,000 dpi 
Three 
5,000,000 dpm 


Semiquantitat 
Zeuto 
Juno range fl for measurement 
Beta-gamma_ detection. 
listed 
Portable G-M 
SO.0O00 


(le 


mele 
epi | eful fo 
clothing 


with G V/ 


sonne! 
Ne ale / 


prote ct 
probe onitor 
raciation. zo f ann 


nt 
quantitative Surveys Whi ! ( iucdil 


exit’ trom int 


every eighth count 

Y-ray film pa ket ticular] f n 
location, size, and appro fre 
reactor experimental holes, et 

Beta-gamma measurement. ()iis 1 of 
types of radiation can be aceomy ( t} 
struments listed 

CP meter Threey ' usel f os a me 
om 


beta 


in range of hi : . j mn ¢ 


Chamber for url 


15 mrep hr to 35 rep dn 
Juno Three rane 
May 

TP meter 


Amina survey 


dependent 
Adaptat 


with exter 


he energy, 


ments with ma 
Beck ian 


pure patina 


\itntim i 
Four range 
radiation 
ation is present 
Slow-neutron measurement. 


range of O.1 to 25 mren 


44 


ithe 


mn 


the 


reactor 


ition 


bina radiation 


Coline ined i 
nt requ red 
COTpPOre its 
ire Comme 
ch indicates 
ind irrange 


vhicl 


ire 


ind powell 
in Pest 
| sec lor 


protective 


ments a 


dpm 
range ol 200 


L.OOO to 


| 
ol 


tectors are 


of 100 to 
ol 
tools 


per 
ete 
ing stations 
d for semi 


| ral 
He Signal for 


determining 
be ims ut 
or both 


one 


four in 


isurements 
nd-window 


about 


onization 
radi 


Fast-neutron measurement. 
itro 


point 


ited bb 


hor Signiheal 


rates 
tlarn 
Vacuum air-sampling 
thi 


stem are 


dust SMTP 
flow 


radioact 


ind air 
Roy 
ionization chamber 


le ra | 
ite 


rect 


Tie 
current ind ree 
appropri 
Ope sal 
ition 

ind {y 
Alternate / viig 


equ 
not just 


ition 


vacuum svstem Is head ¢ 


Is required nt loc not cove! 


| 


portable electricall operated 


Reactor water coolant mon 


primary o1 secondal reactor Coo 
Instrumentation is req ad tor 
and flow 


SECOr 


rates 


dary coolant W here nol 


immersed thin-wall Linnie 


recorael 


ind airm 


Primary coolant ‘4 


rate mete! 
ontrol 


i 
pended 


bers sus} 


mentation 


SuUDD 
Pu 
know 
reco! 


requ 


General personnel monitoring. 


eounte for detection 


ountel! 


Vacuuln 


checking ¢« 


s-stee|! 


el 
itor 
Ne ut 


control 


drawn through 


isurement, with tonization 


ordet Alarm connection 


ipling drawn through 


“appara with air-flow 


Where installed 


tpmer 
rewhel 


islonal s 


ed by sVatem, semi- 


used 
the 


itoring. wate! 


lant, it 1 monitored 


ictiy 


ist be 


fluent ties 


mally uncont: 


(4-M tube 


minated, use 


vith count 


iv- 
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Personnel Metering Equipment 


Film badge.* With shield, for beta-gamma exposure 
containing sensitive and insensitive film packet developed 


eu COF 


Approximately 300 mr full 


Pocket gamma chambers. 


iif Nort in pairs read ut end ol each work day 

Pocket chambers. 
mrem iu “CUl¢ Work In pairs read at end of each work day 
Norma 


when reactor 


slow-neutron Approximately 200 
worn only when entering reactor radiation zones 
is operating 

Fast-neutron film badge.* 
film, developed each week; normally worn only when enter- 
ing reactor ! idiation ZOneS when reactor Is operating 


Contains alpha emulsion 


Finger rings.* Contain beta-gamma sensitive film, worn 


when working on jobs where hand exposure is significantly 
greater than full-body exposure. 

Electrometer. For charging and reading gamma and 
slow-neutron pot ket chambers. 

X-ray unit. For identifying film packets before removal 
from badge 

Riveting and deriveting machines.t For changing film- 
badge packets. 

Darkroom facilities. 

Densitometer.* For metering degree of darkening of 


For developing film packets 


developed beta-gamma films. 
Microscope. With accessories for counting alpha tracks 
on fast-neutron monitoring film. 
File room. Facilities for permanent exposure records of 


all personnel 


Radiation-Zone Control Equipment 


Radiation zone signs. Posted for delineation of con- 
trolled ireas 
Operating procedures. 


scribing radiation protection techniques to be observed 


Standard or temporary, pre- 
Clean protective clothing. To be used in degree appro- 
priate for hazards anticipated and work to be done. 

Shoe protection Canvas shoe covers, rubber footwear. 
Jody protection Laboratory coats, coveralls, rubber or 
its, cloth on plastic hoods for head and neck. 
Rubber, 


ited cotton, or leather gloves 


yrotection surgical rubber cotton, 


te face protection Respirators, full-face masks 


eflicieney filters, oxvgen or fresh-air masks for 


radioactive gas atmosphere 

On-the-job equipment. For radiation and contamina 
evs, setting of time limits, control of radiation 

struments. See preceding listing 

imekeeping; stopwatches used when time 

nsayv LO minutes, 


aipment.t For handling of 


/ seniu-remote 


quipment 
kor specihn jobs 
Located at exit from 


shielding . 
Contamination control station. 

Zone | quipment includes 

listed 


pe instruments. Previoush for surveys 


ny prio. to remo radiation monitoring 


d skin and person il lothing 


facrlil 
instruments 


ima ¢ hie Hil 


mated Waste 


Vol. 11, No. 6 - June, 1953 


emergency treatment for severe general-body contanunation, 

Equipment decontamination facility.4 Includes contami- 
nated tool and equipment storage space hooded work bench 
with sinks, decontaminating agents and implements, equip- 
ment drving space, survey instruments, and contaminated 
Waste contamers, 


Vask cleaning facility.” For sanitary cleaning 


\lasks 


tauminated to go to equipment decontamination 


reissue of uncontaminated masks 


Environs Monitoring Equipment 


Air monitoring.* Stack effluents monitored with equip 


ment listed under “vacuum air-sampling system” items 
3-6, at selected sites considering prevailing winds, ete. 
Precipitation collection apparatus usually at same locations. 

Terrain monitoring. Elementary equipment for sam 
pling surface soil and vegetation 

Public-waterway monitoring.* Required when reactor 
coolant is released thereto, Sampling boat equipped with 
water sampling pump for surface and subsurface samples; 
small dredge for bottom sampling; fishing tackle, nets, and 


plankton filters for collection of aquatic lite 


Radiation Measurements Laboratory 


General requirements. Radiochemical laboratory re- 
quirements are given in “Guide for Selection of Equipment 
for Radioactivity Laboratories”? (NuciBoNtcs 7, No. 5, 
pgs. R-3 to R-11, 1950). 

Instrumentation. 
for alpha, beta, and gamma radiation, including 


G-M tubes 


Detectors and accessories are required 
Thin end-window, lead shielded, used with 
scaler. Used for determining beta counting rate of samples 
from radiation-zone monitoring, and effluent-water and 
environs monitoring program. 

Horizontal shielded G-M counter For determining beta 
counting rate of air-sample filters 


With 


chambers for determining alpha counting rates ot 


Alpha counter ‘standard and long tom 
inples 


when required 


Instrument Calibration Equipment 


Laboratory area. Adequate room needed for source and 
instrument manipulation and to minimize bay itter from 
building walls by distance 

Radiation sources. FP issionable materia 
sources are controlled by Alk( 


Range of O.) my to 0.5 


Sources ipedibde 


Radium or cobalt-0 v Ra for 

gamma Calibration of all types of instruments 
V-ray machine For gamma calibration at low 

l ranium metal For surface beta dosage rate « ration 


Wipha emitters Plutonium, other alpha em in 


trace quantities, properly mounted iment 

ihibration 

Fast-neutron source 

V oderators.* Cirapl ite or pat iffin 

neutron sources tor slow-neutron calibratio 
Auxiliary equipment. Tneludes handling 

quipment such us 


Jig | or 


om sources 


mounting wmstruments 


Ing istrument 


ppment 7 Senmp-remote 
remain at sate distance 


For reading instrument 





Use of a Reactor 


for Research 


NUCLEAR REACTOI 
product —neutron 

experimental usag in by ype | simultaneous! 

single renetor, in sp he five | neutrons perform 


| 
widely differen he Chis 


outline ! i auf el ind ol ty 


services of 


attempt te 


ection will 


research problem | dep 1 upon reaetor 
thei 


equipment 


neutrons cs 


fundamental rcilities, special 


amd g conduct of the 


experiments and the asso erational effort 


SOME DESIGN CRITERIA 


The neutrons fror itor eX d over a considerable 


energy spectrum ition of neutrons 


has, to some degree eutron energies 
effective in producing ¢ il uy ome cases 
it matters vers 


little f neryg rang ) he avatlable 


neutrons is much wi there is no 


necessity for limiting of this is 


LTLipole 


the ordinary production of rac ito} bv irradiating 


target materials to ind h rmal-neutron n 


y 
reaction The more ti trons contribute almost 
nothing to this rea t ' ! during the 
irradiation is ignored 
In other cases, it 
the wide spectrun 
which eliminate ieutron An 
example of thi I ! ‘ heat rves to provide 
au spectrum ricl rol not <ample of 
this, but in commonly 
referred to as pectrum 
of neutrons 
walls of uranium 
slow neutrons are al 
the Us 
In still other ease 


the neutron spectrur 


‘and vield on 


spectrum which is a 
This is usually accor 
*D. J. Hughes, Nt 
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By MARVIN FOX 


Pea Ly LD pa 
B OO haven Val onal Laho atory 
{ plor LW hi Yo i} 


finent 


considerations 
reactor lucilitl 
Shielding. 
press the leakag 
background con 

ight the 

there is alwa ome buckground 
neutron beams or active mate 
upporting a ree prog 
Brookhaven. a rensonable 

ion is O.O mrt Phis 

em? sec of 2 Me 


tO neutron mie s 0 


equi 
ener \ 


100 therm 
NIN 


trons; em ser 
or 6 betas/eme~, s ol Vie 
lmportant to con 

this background 
due regard to the e 


Control requirements. 
the re itor 


resenal re 


ietor 
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—T.,. 


NEUTRON MIRROR EXPERIMENT at Brookhaven uses neutron beam FAST NEUTRON CHOPPER at Brookhaven is cylinder revolving at 
from slit in reactor port at left. Mirror is in box next to slit high speed within housing. Apparatus is adjacent to reactor 


Munim OF potential excess react ( merge into equipment set up external t 
the presence of control rods 2. ‘‘In-pile’’ experiments. ‘Thie effects uncle 
it the Brookhaven reactor operates place wholly within the reactor or shield 
rol rod or almost none inserted even control, monitoring, or recording line 
ev rod whieh is used for fine contro the shield to external devices 
ive as far removed from experimental 3. ‘‘Removed'’ experiments. ‘T 1 of only 
rradiated materials and need not nmecess | conducted 
Experimental areas, services. The urea adjacent to the it the reactor 


be extensive enough to allow for all types ol All three types of experiments require byeole r port 


Mach research position should have no through the shield which connect with chine heneling 


floor space available, with a width no through the reflector and active tuel element portions of 
rallel to the shield face There will alwa the renetor Somewhere along the length of the 


vhiel require beams of considerable lengt! usuall necessary to pres some kind of beam 


itor sane the detectors ~a) that Sore ! iif ice silt hy as on collimator, filter shutter 


ol 


ded for distances up to Wor SO tt ponent The holes themselves are ustuall 


portant that the ioud « ipacities of 3 | " cross sectional dimensions, and must i 


aw are high: about 1,000 Ib as ! isV placement or removal ob equipment 
irch equipment requires this \] ments, special shield plugs are needed 


thoratory services should be available at the to allow for the passage of lines through them 
Among these are 110-, 220 wevent radiation from escaping 
ce; L10- and 220-volt regulated d-< Irradiation facilities. \lan differ 
ressure water sured to handles idioisotope product 
ited water: drain lines tied into some hon needs The great bulk of the ras 
holding up activated or contaminated il d satisfactorily in conveyor tem 
stilled water; and a vacuum line inieally pnetumuticn! 


somewhat tsolates i prnetumaty 


ve and disussemb { \ ) 0 times in or out of the reactor of the order 
equipment and the et \ | on rvet carner can be handled at one t 

pment necessary around the t mean handle hundred 
widitional storage 1 . 1) tion can be loaded « 
the reactor ruil ne i i | Brookl iven hin 


which « in he loaded or unload 
lity conditions, it Is Imper out interfering with the operation of the 


conditioned tor electrons ul There re man irradiation ol ‘1 


ther of these systems because of the 
I irget materials, « mn pecial co 

RESEARCH FACILITIES i ala liad ual 
lhe research done with a reactor or its products can b radiouctivi | Industrial 


+ 


ed IT » three centegories | 


presenting targets us 
1. Beam experiments. <A stream of neutron allowe » n rings for irradiation. Brook 
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RESEARCH with Reactors 
CROSS-SECTION MEASUREMENTS.  / 


experiments; whole rar qe of neutron energue 


vall / bye aii 


COM red 


each operating effectively 


with different appara 
mn narrow energy band From 0.0005 to 0 1 ev. slou 
chopper or velocity selector; from 0.05 to 50 ev. single- 


or double-crystal pectrometer between 10 ev and 


hundreds ol kev, iad chopper 1/ higher CHETQIUCS, 


(°235 converter device gives fission pectrum, but results 


pertain to average of whole fission 


SOLID-STATE STUDIES. 


tion-produced change 


pe eclrum 


In pile ludive of radia- 
AL ph jsical prope rlies re quire 
irradiation facilitve operable in wide range of tem- 


peratures Samples analyzed afler irradiation or 


measurements made whale in reactor Veutron spec- 
frometers que diffraction paltte ry cattering, re flec- 
tion, polarization data in beam studies of neutron 


interactions with structures of materials 


NUCLEAR PHYSICS. 


properties of neutrons 


LAclude work on intrinsic 
capture gamma-ray produc- 
tion, metastable or isomeric states of nucled. proper- 


half-life. 


schemes, ly pes and eCnerdves ol radiations 


lies of radioisotopie species such as decay 
Equip- 
ment can be very specialized; spectrometers, beta-ray 
spectrographs, cloud chambe rs, and combinations o} 


electric and magnetic fields often used 


SHIELDING STUDIES. 


classified: devoted to parti ular probli ms on proposed 


Bull of th work at reactors 


reactor application Cross-section, capture gamma- 


ray studies of primary concern to shielding problems 


LIFE SCIENCES. / 


mutation sludv a dosaqe lole rance 


radiate animals and plants un 
effects on growth 
cycles, other phe nomena Beam of reactor neutrons 
used to induce (n.w) reaction in boron localized in 
metlaste tumors in human patient Large variety of 
radiorsolopes also used in biological and medical 


clinical studies 


. « « on Reactors 


Reactors now in operation, cal assemblies. 
used lo obtain Iniormation needed f (le Sigil param- 
elers of new reactors now in research and development 
stages. All such cla hed Declassifiabl 
research tnelude on-product yields, de- 


layed neutrons paramete 





which can handle object objects up to 4 or 
61n., the experimental holes o fuel bearing ch 

be used for irradiation idiations iInvoly 
ing large amounts of racio placed where special 
thick shields can be empl nl oving them from the 
reactor, 

Controlled temperature. ’ ition problems 
presented impose limitatio conditions 
during the irradiation T mbient nperature in 
the Brookhaven react 
sury to have special 
limited One tac 
several others at 50° ¢ 
is under construction 


about LOOP ¢ lor 


48 


(os 


Gaseous samples. 


f48COUS Sulmples WItl 


enclosing the sample 


Neutron energy for irradiation. 


requested in a | ! thermalized 


ParmmMa-ray intensi wey are usually done in the thermal 


column For i 
nut, previously describes used. Tl ! lso research 


programs Which ce areas of lenkage neutrons, and 


for this it is essential that pieces of the shield be removable. 


I 
All these 


specially designed and = built It is 


Commercial availability. ilities for use in a 

actor have to | 
almost useless to attempt to find commercially available 
products of this type which can be adapted as units to the 
particular needs of reactor research If a furnace is to be 
installed to provide high temperatures, the easiest thing to 
dois to build it as an integral part of the setup which goes 


into the reactor 


HANDLING TOOLS, EQUIPMENT 


There is a great variety of handling tools and equipment 


needed wound a reactor for use in connection with both 
research projects and operational functions 

Operational tools. Many tools needed to maintain the 
reactor in operation are usually tailored to a particular 
reactor and are of no concern here Others, such as peri- 
scopes, borescopes, portable and overhead cranes, battery- 
operated small trucks, and vacuum cleaning equipment are 
common essentials to all reactors 

These items are commercially available, and, in’ most 
cases, can be used without modification The periscopes 
and borescopes used for remotely viewing or examining 
things inside the reactor may have to be especially built 
because of their unique physical dimensions, but functionally 
they are simular to catalog items \ borescope, for instance 
might have to be 40 ft mg and pass through a bore » In 
in diameter 

Research needs. For research, m 
ment are also tailored to particular ¢ 
are numerous general requirements | 
bricks and shielding bl 
Pacer 
needed for remo 
One or more enves should contal 

ionctive Ww 


ma Wit! 


nanaed 
essentia 
contaimmers ind stor 
| 


required I Shite. I rve mete 


radiation are quantit 


Reactor canal. 
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Favored Reactor Types 





Electric 


Group Fuel Neutron energy Coolant Moderator power output 
Mw 


Commonwealth Public Service Natural uranium Thermal D.O D.O 225 
P. G. & E. Bechtel seas Fast (breeder) Liquid sodium 145 
Monsanto Union Electric Enriched uranium Thermal Liquid sodium Graphite 210 or 550 


Dow Detroit Edison arr Fast (breeder) Liquid sodium 135 





Nuclear Power 
Feasibility Studies 


A year of study by four industrial teams has led to the design and cost 
data presented here for reactor powered electrical generating stations. 


The type of reactor that each group favors is shown in the table above 


ire four reports just and the develoy of components evaluations or feasibility. studi bry 
thie Atomic Energy The studies wer made according to engineers and management men 
The reports — resulted certain conditions, one being that the Because of security limitations, the 
vear studies of elassi- groups should consider the possi bili- material contamed n the tollowing 
hnology earned out by ties for dual-purpose reactors Con pages also does not present a balanced 
teams: Commonwealth sequently, the designs settled on here picture of the original reports Very 
Publie Service Co. of ire not necessarily those which would little specific reactor design and ec 
Dow Chemical Co have been selected had the studies been nomic data could be inclu 
‘dison Co.: Monsanto directed toward power-only reactors In varving degrees, al 
ind Union Eleetrie Co.: with the plutonium produced having are continuing their studi 
ind Eleetrie Co. and but fuel value be emphasized that as tl 
Another is the requirement of the continue the designs deset 
resent the first non igreements specifying studies of dle be modified consi 
of industrial nu signs for reactors that n the best ay 
four groups concur in = within the next few years. Thus the At present 
dual-purpose reactors companies for the most part directed are probably Dow 
isible and could be their efforts to conservative concepts Monsanto-Union Ele 
i fashion that the components olf proved design and con wealth Edison-Publi 
vould reduce the cost ditions reasonably certain of early submitted a second 
sely, all agree that fulfillment report on the type 
onstructed in the It should also be realized that inthe they are most 
would be eco short time for the s sand because cooled pie of 
power generation | he Til ( ! Ctor experience ofl operation at Argon 
oups expressed a manv of th ‘ngineers, the reports PG & E-Bechte 
re to continue could no detailed architect-eng 


vith more detailed studies neering p s but rather preliminary 
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Detailed Cost Data ($-million) 





Water-Cooled Thermal Reactor and Sodium-Cooled Fast Reactor (P.G. & E.—Bechtel) 


Site 


Site improvement 


REACTOR CAPITAL AND OPERATING COSTS 
Structure: 
Substructure 
Superstructure 
Utilities, 
Core: 
Tank 
Piping 
Thermal shield 
Blanket 
Heavy water 
Sodium 


equipine nt 


acct 
$83.00/lb 


Cooling circuit 
Piping, controls 
Pumps, equip nt 
Steam generator 

Auxiliary circuits: 
Pure water 
Heavy water 
Sodium 
Helium 

Controls 

Fuel handling 


TOTAL REACTOR CAPITAL COST 


Ther Fast 


eactor 


ma 


0 Per 


2 per 


onnel 


ition 


Health phy 


Pechni 


eecurity 


il ser 


Administration 


Puppise - 


Heavy-w 


Maintenances l 


heavy 


General expense ’ of 


iter makeup ($7 


000,000 at 5% 


ipital exe lud ng 


water 


operation ind 


maintenance 


Porat 


REACTOR OPERATING COSTS 


POWER PLANT CAPITAL AND OPERATING COSTS * 


( ‘apital cost 


Operating 
Ope ration 
Maintenance (1° of 


Ci neral expense LS 


costs: 
$1.70 per kw-yr 
apital 


1 operation and 


mamtenance 


Co 


POWER I’ a | OPERATINE 


Step-up facilities 


TOTAL ¢ 


POTAL 


* Water-coole 


‘APITAI 
ANNI 


COs] 
AL OPERATING COST 


1 react 





Gas-Cooled Reactor (Commonwealth-Public Service) 


REACTOR 


Concrete shell and sphere in place $1 


Cast-iron plate lining 

Bolts for lining 
Cadmium-silver plating 
Fuel loading 
Instrumentation and control 
Raw graphite, 2,400 ton 

2 100 


Finished graphite, ton 


machined and installed 


Klevators, charging equipmer 
Tora. 


BOILERS 

Duct work and piping 
Valves 

Blowers, helium circulation 
Boilers, 12 

Mise 
Control equipment 


foundations, ete 


Demineralizing plant 
Botler-room crane 
Torai 
Turbogenerator 
Stack, 500 ft high 
Water system, decontamination 
area and waste storage 


> 


Buildings 2 


* Safeguard Committee formula suggests 


$42-million 


area owned to be 70,000 acres 


HELIUM SYSTEM 

Helium 

Clean storage 

Dirty storage 

Substorage 

Purification, including buildings 
Mise. piping and equipment 
Toral 

Deepwells, 2 

electric plant 


lransmission terminal 


MISCELLANEOUS 

Operating tools and materials 

Spare parts 

remporary construction facilities 

Health physics instruments 

Yard improvements, guard tow 
ers, fence, lighting 

Site 


minimum 100 acres 
for control of 


Other land costs 


recommended 
2,400 acres* 


satety area 
ground aren 
Research and development costs 
Contingencies 
engineering, 5‘ 
Tora 
lotal direct cost 
Overhead, 15% 
GRAND TOTAI 


Liquid-Cooled Reactor (Common- 
wealth-Public Service) 


Re tor 
D.O system 


D.0 
He] 


it $82.00 ‘Ib 
im system 


Porat 


team-generator pliant 
irbogenerator plant 

Structural plant 

Nise power-plant equip! 

lleetric plant 

lransm 


Ission pl int 


Healt! 


lemporary construction 


physic 


Porat 
Research and dey 
Contingencies 
lungineering 

Porat 


Total direct cos 


ead, 15% 


Over! 


GRAND TOTAL 


S1IS 
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Commonwealth Edison—Public Service 


primary design objectives 
the two reactors described 
» production of plutonium 

power, (2) the use of 


ranium fuel, and (3) the maxi- 


GAS-COOLED GRAPHITE-MODERATED 


This could be built with a 


minimum of developmental work. 


reactor 


Fuel Elements 


In the the fuel 


made of uranium metal with 


proposed reactor, 
lugs are 
center hole and provided with fins 
rest on the surfaces of the slug 
channels in the 
assumed that 
within the volume of the metal 


whicl 


reactor core. It was 


heat is generated uni- 
for! 

design was aimed at uniform 
heat flo 


The n 


ture 


from all parts of the surface. 
iximum internal metal tempera- 
limited to 1,000° F to prevent 
transformation into the 8-phase. 
pecial method of casing the fuel 
its, which on preliminary test 
own to be quite effective, is pro 
Further investigation is neces- 
re a final design is acceptable. 


inble 


could be obtained by developing 


ipprec increase in reactor 


and a method of casing which 


ermit an increase in fuel-ele- 


ment internal temperatures trom the 
1,000° I limit established in this report, 
1.300° BF. Predominant 


n setting the 1,000° F 


bout 
value are 
ise transformation that occurs in 

it 1.200° F and the melting 


f the proposed alloy easing. 


Coolant 


vas selected because it Is 


has un zero neu- 
It also 


itively high specific heat but a 


inert and 


rpt on cross section 


density 
peration ata pressure of lOatm 

design ealls for a total heat output 

of 350 Mw 
150 | an 


a helium inlet temperature 
outlet temperature ol 
da helium flow of 3.27 * 10 
the pumping 


power require- 


nts for circulating the gas are di- 
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mum utilization of proved reactor tech 
The two reactor ty pes chosen 


gas-cooled 


nology. 
are a graphite-moderated 


plant and a heavy-water-moderated 


and -cooled reactor 


REACTOR 


the volume, 


helium materially de 


rectly proportional to 
pressurizing the 
creases the power required to transfer a 


heat Allowable 


of the enclosing steel 


fixed quantity of 
stress limitations 
sphere, and increased difficulties with 


and valves at higher 


to set the 


seals pressures 


serve 10-atm pressure used 


in the system 


Reactor Shell 

The sphere is made ol 
1.67-in.-thick SA 204 grade B 
steel \ 
crete pad, about 25 by 21 ft, supports 
it. 

The entire outer surface of the sphere 


blasted and 


formed and 
welded 


low-alloy rectangular con 


s sand then is metal 














ead 


appled 


1 70% 
This 


to reduce the neutron flux leakage at 


sprayed with silver- 306 


mim alloy coating 


the surface of the sphere and the result 
int irradiation of the air inside the bi 
ological shield. This treatment is also 
applied to the helium piping outside the 


sprue re, 


Shielding and Ventilation 


The radiation shi ld will completely 
enclose the sphere containing the re 


netor, It 


stone-aggregute 


is made of crushed-lime 
obtain 
The 
1O-{t 


foun 


concrets to 


Inaximum resistance to heat 
shield beneath the sphere is a 
thick heavily reinforced concrete 
Adjacent to the 
face of the sphere and LO ft away from 


it is a vertical S-ft-thick 


dation pad. charging 
wall 
with the 


Which 


concrete 
upported on rollers to move 
expansion of the charging tube 
pierce it and the sphere 

At the rear of the sphere and 6 ft 


away from it is another vertical S-ft 


thick wall Phe 
sides and the top of the sphere are en 


concrete other two 





SIT I VII VEIT 








IF VIITIT IIT VI IT, 


HELIUM-COOLED REACTOR is contained in steel sphere. 


System for charging and 


discharging fuel slugs can operate without reactor shutdown 
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@ BB Monitor 


for radioactive 


@ MM indicate control-rod ——— 


and sofety-rod 

positions or 

contro! board = 
@ Connect to ¢ 
Irip circuits 
@ MB Veosure reoctor 
power leve! by at 
least two methods 


© MB Meosure 
reactor period 


Jutomoatic 


| 
1 | 
MB Continuously a 
measure alignment 
and distortion of 


various ports of reactor reactor 


@ BB Mecsure metol and! | 
graphite ternperotures | 
@ MM Monitor 

coolant flow rate 

in all cooling chanr 


+ Gas-cooled 


a 


4 


Ventilating system 


fret 
iblower 


t 


eeprom: 
re @ ‘ re { . Ret ae 
@ mm Measure ond \ ———Py ET ed 


INSTRUMENTS AND CONTROLS for helium-cooled graphite-moderated reactor system. 


Devices connect to alarms, automatic shutdown mechanisms, indicators, or recorders 


closed by an arched S-ft-tl 
shell starting from and 
foundation pad. Thi 
over the outside 

walls and is flush 
between the end 

surface of the arch 

vent radiation leakage 

The nner Surlace 
walls and the floor sare 
6-in.-thick 1-ft-square cast 
supported by L-in.-diamete 
passing through a centr 
plate. 

The helium leas Tigg canaed ¢ 
reactor passes through the 
shield through special 30 
diameter shield duet seetic 
are designed to reduce the 
the direct neutron bean 
through the duets 

Every effort is made to 
radiation leakage from the 
and inward air leakage 
The air inside the shi 
of the temperature of 
face, the cast-iron plate 
surface of the conerete 
perature is used effective 
hot air to rise ina st 
the interior of the sl 
pressure so that al 
the shield. This le 


radionetive and req 
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thie 


Charging and Discharging 


\ reactor charging and discha 


fem ¢ ipable ol operating without 


reactor shutdown is used Without it 


UTie ivailability of the elect 


iting equipment is reduced 
entire contents of a chan 
ve removed each time it 


quantity of plutonium produced 


pound of metal charged is increas icto 4 { About t 


means of the charging machine of additional uranium 
outer half of the el ire i iv for the reaetor 
rical segment nearest the el] 
is pushed through the 
becomes the outer | Helium cycle. The 
re in the spherical segmet Wit ) ng through tl 
the charging face 
of the charge im ¢ 
ent of the graplite 
identical to the outes 
nearest the ch 
eharge is 
quence provides @) 


neutron intensity 


ind leaving 


tite 


the sphere, w | Boilers. 
removed the 


Ivhanopen 


Heat-Transfer System 


quence ‘ 


inders 


sume amount 


required each 
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which 


heater 


CCOMOMIZECT 


super sections 


Linto one continuous pass 
uutput for enc h boiler is 


90,000 1b hrat a temperature of 525 I 


ind pressure of 250 psig 


flow type 


operated at 


Blowers. Axial blowers, 
constant 
Variations are only 
rements equal to the 
load 
range of a given 


obtained b 


one blower. soiler 


thin the 
blowers are 


lutions in the helium exit 


double-bellows shaft seals 
helium leakage, and bear- 
of continuous Operation 
re used. The eapacity of 
= 75,000 ft® min. 


Turbogenerator 


f the helium inlet 


of 650° F to the boiler in 
etical 


corresponding 


mperature set the value. of 


The 
the anecepted 


with- 
14.70% 
The 
within the acceptable 


pressure 
is then 265 psia 

ol low pressure SeCCTLONS ol 

dern cross-compound machines 


With 15.000 kw of) eleetric Powel 


used for auniliaries, the net generation 
16.700 kw 
that, if the heat 


reactor is kept constant 


show 


in auxiliary power with 


increased fuel temperature would pre 


duce a 29°) increase ino net power 


aVallable to the system with no increase 


in) plutonium However 


if the 


production 


weight of helium circulated is 
instead, the net 


ivailable is increased by 113° 


‘ld constant powel 

and 
pluton production ts also ine reased 
Control 


control of this 


system. The system for 
reactor power plant lias 
the following features: 


1. Reactor 


ture is kept at oa 


helium 
constant 750° F by 


control-rod 


outlet tempera- 


putomiaty wipustment 
2. Boiler rating is varied by 
ing feed-water flow 


3. Helium 


full 


udjust- 


held 


loud lol those 


flow constant at 


blower boilers ith 


As the 


outlet gas 


service boiler rating is varied 


the boiler temperature 
changes instead of the helium quantity 
4. Boiler kilo- 


watt Steam temperature 


525° F at 


output determines 
veneration 
vatue of 


Varies trom design 


rating to a theoretical value of 
oat zero rat ny 

5. Turbine 
justed by ste 
To be 


at full 


full 


control valves are ad- 


tin-pressure controller 


able to maintain the renetor 


power rating and obtain high 


plutonium production even while elec 


tric generation Is TC duced a steam by - 
pass line to the main condenser is used 
This condenser can dissipate the total 
reactor heat output The bypass ac 

the 


turbine 


tion is atitotmiaty ind protects 


renetor in the event of i 


trip-out. 


LIQUID-COOLED LIQUID-MODERATED REACTOR 


unit enclosed ina 


reactor 


il steel shell capable of with- 


a& pressure of SOO psia, uses 


coolant moderator 
The 


“dof a number of separate fuel 


water as 


reflector fuel assembly is 
seach consisting of an assembly 


ium elements in a thin metal 
assemblies ure 
Heat 


uranium is transferred 
the thin metal cladding to the 


These fuel 
viindrieal channels 


1 in the 


water which is traveling pal ille| 
| 
i 


uranium elements in a vertica 


used both «ss 
The 1.0 


generators 


vater is 
ind coolant. 
from the steam 
a stainless-steel tube 
vhich the 
flows 


ls and also between the 


fuel channels are 


then upward through 


ehanne 
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The 


which sets 


fuel channels D.0 between fuel 


channels, as the moderator 


travels relatively slowly and dise harges 


from the reactor through the control 
rod assemblies 

The reactor core is essentially a right 
evlinder contained in a spherical pres- 
hanging 


sure shell. The fuel elements 


vertically in the channels, are charged 
and discharged from the top ot the 
eviinder 

The design max 


ol thre 


tem- 
165° | 
when the reactor D.O outlet tempera- 
ture is 440° I 


and the 


Imi surtace 


perature fuel elements Is 
Therefore, the uranium 
both loeated 
withstand 


cladding tubes 
in the 


these 


reactor core mitist 


temper tures 


Charging and Discharging 
The re 


12 hr before the discharg 


ctor will be shut down about 


ny and el ing 


ing operations are begun Both opera 


tions will proceed together using a 


CGantry-tvpe traveling crane ind a lead 
The 


the coffin and crane to a 


coffin spent fuel elements are 
carried by 
filled trench 
and then 


the area that ts 


water where they are dis 


charged transported under 


water to used for 
storage and shipping 

placed in the 
the 
new ele 
The 


removed 


Fresh fuel elements are 
coffin, which is aligned again over 
open fuel channels, and the 
ments are lowered into position 
control-rod tube need not be 
the ind discharging 


during charging 


operation, 


Shell 

The reactor shell is designed to con- 
the rod 
nlet 


fuel elements, control 
and reflector It his 


oolant 


tain 
moderator 
and outlet openings for the ind 
is able to withstand internal pre 

The heavv-water coolant flow at 
maximum load will be S055 ft’ sec 
With a flow velocity of 24 ec, the 
total effective 


ure 


inlet openings hisave i 


cross section of T2.1 It They are 
spaced evenly around the periphery of 
the shell to provide 


uniform flow inte 


fuel elements and around tuel element 
and control rods 
Even distribution of the coolant ts 


obtained by using nine inlet openings 
evenly spaced around the periphery of 
the shell 
trol-rod 


outlets 


The fuel-element and con 


tubes are utilized as coolant 


2.14 in thick 


diameter It is 


The spherical shell i 
and 2O ft, 4 im. in 
fabricated of typo 347 tain 


the 


tustenithe 


less steel to prevent corrosion of 
shell and contamination of the heavy 


The the 


connections 


water inner eylinder and 


to the sphere ( fuel 


element charging tubs control-rod 


tubes, water-inlet piping, helium-pre 


surizing piping, and dram pipe, also 


made of type S47 austenith 


steel 


will be 


stainless 


Helium Purging System 


Provision is made for heli 
there is an 


These 


phere 


blanketing svstem wherever 


interface in the D.O) cireuit 
interfaces exist in the reactor 
outside the evlinder (expansion seg 
ment) and above the D.0 in the dump 


tanks and make-up tank 


Radiation Shielding 
The 


tor is om 


radiation shu 


ie of S-T 





Adjust control rods Measure D20 flow and temperature To D20- pump -- Pressure 
to maintain fixed 020 on each tube, scan and record speed control regulator 
outlet temperoture / temperature 


Servomechanism 


Thermocouple; measure 
Outlet temperature 


Heoder 


Generator 
Helium purging system 
Monitor r Idioactivity, 
D,0 content. D. content 
»“2 el tect 
and O2 content lated 
Condenser 
D2O0 system 


Reoctor P 
———— / Monitor HO content, pH 
: ! and radioactivity 


Pump 


; Adjust D,0 level by make-up, Adjust level by 

Measure internal sphere pressure con valve adjustment 

temperature trolled by He in inlet header 

of uranium 

in central Measure power level. 

fuel elements duplicate detectors 
menses ane recere Control steam pressure by Adjust pump speed by 
reactor period adjusting speed of D,0 pump differential pressure 


BASIC INSTRUMENTATION AND CONTROL FUNCTIONS for liquid-cooled liquid-moder- 


ated reactor system. Primary coolant is in black, secondary coolant is in gray 


concrete, using limestone sg motor-operated shut-off ilve mocouples are 
Reinforemg inp this con The D.O is drained to the i\ of detecting localized 
minimum necessary ) quill 1.0) storage tanks, the motor-« ( ements: therefor 
structural strength 1.0 dram valve is closed dt lig mocouples on an 
The inner and outes rfaces of the iter is run through the uipmen 7 ctor shutdown 
shield are lined with stee nn intil activity is reduced to a safe | i low detector is 


steel skin is 1 in. thick, the outer for men to enter the cell ou zard 


oun. thick The conecrete-re oreimg iddition to the ther nocouples 


‘ 
steel is placed to hold thre 
outer steel shield surfaces a rms fi Fuel-tube monitoring. ‘The smoun bes, there veral thermocouples 


Control and Instrumentation tla the Ai ae EE ail Pail oR 


the conerete of hea, water flowing from the ie hottest are { the reactor to 


The reactor pressure ve ) wtor is monitored as is its temperature re and record the uranium-metal 


ported inside the shield b fainiles fuel 
steel brackets attaehed to nt ing \ manually operated valve 


tube outlet and control-rod 


circumference, These on each tube serves as the adjustment 

on rollers which bear ot tat of the flow distribution oy he re vater le 

set in the shield The 4 ctor lattice area low ustmen ily continuous 

designed to move vitl i id il made on the basis of mpers re pri ping tel 

expansion of the reactor pre it | mn rements water : ri ter oimts and other suspected 


The vertieal fuel-element ehargin he outlet locations is monitored by permanently 


tubes, the vertieal control-roe ity pressure tap on chi fuel located probes connected to electron 
and the horizontal vater-cd ing pples the flow data Low nves detecto 
pipes leading from these tu dis defects, such as rere | Control and safety rods. ‘Thi 


headers form a large part of f uly ulting from w ng fuel ‘ ol re o°, boron stee 
shield. The top surface of upper elements wall leaks in a fuel tube wit] tin] stee! resist corrosion 
shield forms the charging floor ) \ idjustments hang the l | rovid in salgnment 
The shielding in the rer era hi endings trom the pressure taps and hannel en again aimmng 
plant, around the steam ger vy bases for comparison to deter 
piping, pumps, and miscellan ne abnormal condition 
age tanks, consists of 3-ft ol A rapid-scanning device 
erete floors, walls, and ng | ¢ and reeording the 
steam generators and pur 
ranged in individual cel 
Access to the cell tl 
tvpe trap doors When 
necessary, the particulu 


rece 


ment is isolated from the 
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‘actor 
nechanism 

It 
iizing a mag 
through the non 
he pressure thimble 
magnetic siug tust- 
rod The rods not 


control are : 


ihistns 
mnation satety 

level is deter 
ethods: boron-coated 
boron thermo 


heat-flow instruments on 


Heat-Transfer System 
nount of coolant 


rig i flow velocity Ol 


ind the lengtl 


ected 
oO a Ininimum b 

team generators in 

nind = the reactor, 

the cover pieture 

With a 1,064- 

three 


the steam 


Steam-generators. 
tor heat output tur- 


desirable and 
ould be of such a CAPACITS 
number of units is an 
The accepted 

ices TSO.O00 Lb of ISO-psia 
hour from 


irated steam per 


ts These are arranged 
luce the number of cool- 
nt sand valves 
Coolant-circulating pumps. Thi 
iting pulps 


presented 
ior design problems 
results from 4 combina 
re flow quantities to be 
suction pressure 

he essentially low 
liquid tempera 
mectivity im the 


ps were designed 


lor it total coolant 


froma the 
collected: 

a drain Phi 
ipplied trom the 
poultry, puissing 
changer before 
The drains are 


Ke-Up tank 
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ingle-stage 


The pumps us 
with the 


) erhanging 
» gland CN POs 
Because « mperature 
quid, fla oceur iD 


and ata 


vland 


| Approni 
seal coolant 
equil 
Coolant storage and make-up sys- 
tem. Four ston inks, with a tota 
O22 


ipacityv of 


nping of These tanks 
<tee! and 
Linn Zze 

contamination 
coolant 


The Thi 
| 


includes a tank, pur} rs ind a 


tnhe-Up 


ne. 4 
| 
oled react 


CE Liquid 


cooled reactor 


TIME SCHEDULES for work on gas-cooled 
and liquid-cooled reactors 


uct to 
the 


demineralizer The PUrps 


ive-ginnd leakage to 


return all 


SOO-psia coolant tem in addition to 
system 


Heavy 


echaracteris- 


their function of filling the 
Coolant-treatment system. 


water exhibits the corrosi 


ties of light wate lar tempera- 
res and press ind n be chemi 


pure fo inl 


DlOckKs, 


Turbogenerator Units 
cle signe d 


I’ steam at 


zeturbo 


lor thy 


}) arth ular steame ond tions SOOO Kw 


Phiree 


of these in ised 


Cost Estimates 
An ah ily ls 


table 


of the figures given in the 
ipproxl 
D.O and 


the 


matel 
*>()¢ { he re 


1.0) system 


wtor, u iding 
control idditional 


ind site dey 


100) appr 


land 
maiming 
the parallel pl 

equivalent conventio 
venerator plant 


If the 


iter: cool ne am noderation which 


reactor 
would require the use o hed fuel 
reduced 

t per 

watt of el rie 4 rating Capacity 
vould be redu om S492 to $207 
These cost 


tion that 


ire based on the assump 
! 


lubricated fuel 


clement ire 


furnished by other ilso. the cost of 


initial fuel charge 


Conclusions 
On the basis of our nvestigation 


ind considering the present tutus ofl 


technology Ve that the 


the 


renctor lee! 


heavv-water-reaetor concept has 


best economic po boilitye The im 


uncertainty ire the aval 


water and the 


portant 
abilitv and eost of heay 
oh mical 


practicality and cost of a 


luel elements 


plant to proce 
Considerable idvantavge may be 


gained by the use of light water for 
moderator and coolant if uranium with 
i sufficient degree of enrichment can be 
obtained. The future cost of enriched 
fuel and the dependability of its supply 
ire uncertainties which would have to 
he resolved, of course 


the ii con led re wetor 


However 


could provide a substantial beginning 


in atomic power wy nimum of 
interference with prod on reactors 
eontem 


hould be 


now under cons 
plated he fuel 
less costly tl 

pr wluetion re 


processed ti 


It is the 


irticle 


ind operating 


ining the ay 


dules 
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SUGGESTED LAYOUT of nuclear power plant using water-cooled thermal reactor (side view at left, end view at right) 


Pacitic Gas and Electric—Bechtel 


IN A CONSIDERATION of 
actors for the purpose 
power and fissionable ni 
practical to include an 
each reactor in terms of 
requirements of a nuclear pl 
ing power only. In this study 
fore, the contribution of 
purpose reactor to the 
of future power reactors 
considered 

A 500-Mw reactor was selected 
reasonable size for thi 
corresponding net power output wv 
100 to 150 Mw and is roughly 
alent to the maximum fea 
turbine units at lower pi 
would produce significant 
power and plutonium and 
compromise between a sma 
mental size anda larger 
81zZe. 


Two reactors were 


tuiled study: one having immediate 


technical feasibility and the other hay 
Ing more development problems but 
greater promise as a future powel 
reactol 


Che light-water-cooled hea, wate! 


moderated reactor was chosen because 


it an be designed and built’ more 
quickly than other types and its cost 
in be predicted with some feeling of 
confidence On the other hand, it is 
limited to low steam pressures with the 
issociated low thermal efficiene, For 
thi reason it Is expected that the 
vater-cooled reactor will not 
ultimate reactor that will be 
generating electricity. 

Che liquid-metal-cooled fast reactor 
was selected because of its ability to 
breed new fissionable material and to 
operate at high temperatures, both 
features being desirable in the nuclear 


power fe ld. 


WATER-COOLED NATURAL-URANIUM REACTOR 


Essentially, the reactor con 
an aluminum tank, with a mult 
of aluminum — tube between 
sheets, serving as the containe 
moderating heavy wate 
placed in pressure tubes w! 
through the core tank concent 


aluminum tubes. | 


56 


mary coolant, flows thre 
essure tubes 
Coolant. Cooling water enters the 


pressure tubes from an inner-ring 


eader, flows through the cente! por 


tion of the core, through crossover pipes 


nm the top of the reactor, and down 


ugh the outside pressure tubes into 


ing header 
roximatels 
quate heat-transt! 
ral pumps and 
myection glands 
Oot radioactive wate! 
The two-pass arrangement, 
ject to further study, is justified on 
is that it provides the coolest 
» the most active tubes, in- 
illowable spacing between fuel 
ind, since both inlet and 
headers are below the reactor 
core tank, loading is less compli ited 
Reflector. The reflector consists of 
innulus of demineralized light water 
surrounding the core tank 
water across the top 
bottom of the core tank Che 
tf water is contained in segments 


nks The space between tanks 


occumed bv control plates 


Generator. The steam generator 
ur sections, each 
separate shielded cubicle 
the reactor The steam 
the yenerators 


tandem-compound 


1. SOO0-rpm turbine having 
ibilitv of 125,000 kw 
Moderator. The moderator- 
Using aluminum piping 
mndle 7.5% of the tota 


it from the reactor 7.5 Mw 
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120° F 


ips must he designed tor 


1D).0) from 1S0 to 

oO leakage because of the 
nig ilue of the heavy water. 
Thermal shield. Thi 


thermal shield 


es 6 suitably venti- 
ver of material contain- 
the reflector 


the 


SUrre inding 


shield) surrounding 
mpleted by S ft of 


A study of 


ordi- 
construc- 
veals no economic advan- 

“l from using high- 

Controls. Control of the reactor is 
located at intervals 
of the core tank 
sheaths be- 


utes, 


ne ipher \ 


aluminum 


tween tubes in the “in” or pile-down”’ 


ites ure withdrawn 


position The p 


from the sheath b i servomotor actu- 
In cause 


the plates 


ated from the control system 


{ 


ol an emergene shutdown, 


“ure rele motor by 


fall 


ased fron 
un electromec! and 
Into place within 
the allow 
sure of uranium is limited by the speci- 


material 


since 


radiation expo 


fications for the fissionable 


produced in the reactor, it is necessary 


to remove the tuel much more fre 


quently than the demands of a power- 


producing plant mone would dictate 


On account of this, the entire reactor 


charge is replaced several times pet 


ar. 


LIQUID-METAL-COOLED DUAL-PURPOSE FAST REACTOR 


st reactor has advantages tor 


Installation and 


LUiti-purpose 


ite nuclear-power industry 


ved designs could be sub 


thout altering the basi 


reactor power plant 


‘| he rene tor 


arrangement ol the 


core ‘1 


Reactor core. 


highly enriched material is surrounded 


by «a breeder blanket composed at 


either depleted or natural uranium 





Reactor. 
_— 


Helium seal, 


‘ 
‘ 




















Blanket 


a Y 














Blanket 
i, and/or wre 





+ reflector e ® 
»! -" . 
area 



































Reactor “4,6 
»' support tre. 


© pedestals - 


Ring header - 

















REACTOR CORE of liquid-sodium-cooled 


fast 


reactor. Surrounding core are natural 


uranium breeder blanket, reflector, and coolant lines 
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reflector More than 

the heat produc tion takes place in the 
The core 

of a large number of stainless steel fuel 

All the 


eviindrical 


and a HOC, ol 


eore, consists of an assembly 


elements above are contaimed 


Im i steel vessel approxi 


mately S ft in diameter and S tt high 


Provision must be made in the vessel 
for the cireulation of li odium 


for aecess to permit ret line, and tor 
the control mechanism 
Coolant and generator. 


the resetor 


at it Is 


removed trom core and 


blanket 


approximately 30 


by liquid sodium flowing at 


ft ser Cireulation 


is maintamed by two electromagnetic 


purps Primary coolant is pumped to 


two intermediate heat exchangers, 
entering them at 900° | 


to the reactor at 600° | 


ind returning 


The intermediate coolant, sodium, ts 
circulated by 


to the 


electromagnet te pruatnayy 


stenm generator Secondary 


coolant) sodiim enter ~tenum 


generators at SSO? | uper 


heated steam at S00 psig rT f | 


Two steam generators required 
each producing SOO,000 They 


each consist of a steam drum, ¢ 


ipo 
rator, and superheater section steam 
turbine throttle at 


Phe steum 


ix delivered to the 
SD psig and 750 | yene! 
truction 


full 


is also of single-tube cons 


both 


ito 


since sides sare operated it 


boiler pressure and since any mixing of 


} 


sodium and water, which might result 


from a small leak, will not endanger 


reactor operation Steam is delivered 


to a single large turbowenerator of 
154,000 kW maximum 
Controls. 


either by 


capacit 
Control can be effected 
moving a reflector 
the and the bl 
by altering the disposition of fertile and 
hither 


located 


eore imket or 


between 


fissionable materia method 


ean be accomplished by the use of con 


trol drums, incorporating in their most 


elements of 


reflector 


position all the 
blanket 


reactive 
the 
Another 
flector outside the 


raed or lowered to chang 


| 
hora ined 
possibilit i i me 


ity A control of this tvy i noopera 
tion in the EBR at 


feactor Testing Station 


National 


Refueling. Refueling quid-so 
dium-cooled renetor 

the requirement that an 

inert gas (probabl 

maintamed © 

ill times Th 


fueling mechani 


renetor core and 
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and irradiated eleme 

fresh elements placed 
without allowing a be inere 
coolant space Al thy t 1.000° | 


not been worked 


Estimated Costs 


( pital 


major operation 
in relueiing 

1) Shut down 
the controls; (2 
the core; (3) lowe 
expose the fuel 
tion the withdray 
each assembly in 
arrangement ot 
assembly into a 
(ty tore the cus 
quate cooling unt 
processing 


Several significant 


refueling schedule for 


t 7 \\ further 


lust) reactor mu 
They are the followi 

Complete refueling 
the inner portion of tl 


will he required one? 





reactor is operating 
U*® remaining in the « inust be Design and Operating Data for Dual-Purpose Reactors 
decontaminated and 

the reactor is operat 

a portion ol the separa 

taminated plutonium 

essed to make up a roa POWER 

reactor, 

This reactor is ce 
with an SO°, annual 
One month is provider 
maintenance and refueling I nig Viillions o 
will involve complete rey ment Of — MATERIALS 
core fuel elements, and h of the uel 
blanket as may be nec yma Wastin cnnterial 
tain reactivity contro 
constants of the variou 
pear to be favorable to 
prolonged operation at 
of fuel, 

If the fuel element 
the fissionable mater 
be no particular difficult 
them. After exposure 


the remaining uranium ¢ 


s} 
yin) 


from the plutonium and O00 


tamination, reduced t 
cated into fuel element 
ing to remote-handling | 
There appears to be litt 
operation of the fast 
more economical as a 
considerable period of t 
the high value of plutor 
changing to the breed 
handling of plutoniur 


avoided by substit if 





thorium 
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ition with a 56% sink 
tization yt riods of 5 


e IN.LG S.0°,, and 


Only 


the 5- and 


considered i 
and total 


%0-vr lite 


costs 

powell 
int will operate at 
Pia NInuMh possible 
produce the maxi- 
material 


this study that 


s sonable 


ble and is wort} 
estimated 75 to 
7 This 


cost of producing 


figure 


ent onal 


electric plants 
of Pu production. The total 


ducing plutonium 


Cost 


includes 
the 
fuel elements in the dual- 


t d before and 


alter 


purpose reactol 


price Of Tissioma 


pense of tabri l t into tue 


ments, transportation charges, the cost 


of separating the from the 


itonimuim 


Irradiated tuel element, the interest on 


uranium invents nally A] 


eredit for depleted ! tum 


Certain 


of these phases uraniume-plu 


| ited 


tonlum eyvele are 


with, o1 


ean be absorbed » visting private 


mndustries r go rng t operation 
verted to 
Pu contained 

In the table on mge, cost studies 


In each case, co enn tM 


unit 


eon 


cost per gram | 


based on three t odium-cooled 


reactors operates powell only are 
compared to 


operation 
power costs 


made are 


1) An amort 


for atomic-powe 


were 





Economic Aspects of Power-Production-Only, Sodium-Cooled Fast Reactor 


REACTOR AND POWER-PLANT CAPITAL 


It 
| 


| PITA 


ANNUAL CAPITAL COSTS 


sit nprovement 


ANNUAL OPERATING COSTS 


I t ! tion and n 


imntenance 


| t operation and mainte 


ANNUAL 
| 


FUEL COSTS 


j 
i 
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tization period of 2 or fue 


| fabrica 


tion plants; (3 wl tility finane 


ing: (4) ecore-fuel exposure unchanged 
but blanket-material \posul in 
creased; (3 tor of SO% 
6) no inventor for fiss 


thi Ons! it 


ion ible 
the 
pluto 


material with 


issumption of no mark for 


nium 7 output 


increased LO! » improved steam 


conditions; labri 


and chemi 


reduced to 


eation costs 

one 

chemical-proces 

tion tacilities 

charges 

The power-onl 

reasonall 
costs throug! 
operating ¢ 

struction. of i 

ey SOO O00 

Capital eo 


tions of Case 


ind 
velop 


improvements, ne te ct 


ment of one si iv prorated to 


several plants or, owing to eon 


struction ot se ! ! it one time 
improved technolog 

tion; power plant 
tion of several um 


offset bv cost 


Operating vould 


be renctor, ina 


administrative indo pro 


rating of personnel tunit fuel 


eosts are consideres 


power plant, owing 


Recommendations 
As a result) of 


recommended that 
= The ile 
liquid-metal-cooled fast 


lied 
ol 


Clopment 


fuel element 
promptl 

2. on complete 
struction be star 
ment of other t 
fuel reactor 
obsolescent 

3. Concurrent 

nloremention 

hon hrouulal « 

velopment 


itor 





Dow Chemical—Detroit Edison 


It HAS BEEN DECIDED t 
a liquid-metal-cooled 
actor which will pre 
ant temperature nee 
powel recovers 
initial investigation 
will be compromised 
fuel elements of 
With the solid-fuc 
will be simplified faby 
adaptability to the 


\ 


It pianned 


Porm Of metallia 


urements) 1 he breede! 
Produce plutonium 
design embodving the 
is being undertaken on 
basi Concurrent! 
t he companies 


| 


ig researc! iid 


rk on the project 


need 


ntegratior 


SPECIFICATIONS FOR ECONOMICAL NUCLEAR POWER  ceprations aH 


Our conclusion 
portant specification 
power reactor are 

1}. The reactor Hh 
cost fuel, i.e., it should | 
actor which within 
thorium or depleted uw 
able material for fue 

2. The reactor 
breeding gain, e.g 
reactor, to produces 
able materials al 
requirements 

3. The reactor 
temperature machine 
power as well as fi 
There appear to 
reaching the range 
in the reactor core 

4. The reactor 
design as to permit ir 
variation of extraction 
study at Ames and B 
mitting fast low-cost 
recovery Of fissionable 


fission products, 


5. The reactor should requir 


mum exclusion aren Ani 
could be made by continuo 
and segregation of the fi 
The separations proce 
above indicate promi ein 
6. The reactor shou 
fuel, preferably mobile or 
7. The reaetor shou 


self-regulating 


Operating Temperatures 


The companies were o1 


interested in reactor 


60 


issued 
lmimed 
i thermal-neut: 
convert | 
burn natural 


uranium and 


prod 
known types w 
ipabilities can 
el it would 
mum materials pro 
of the greater val 
until t reduced dem 
iterial makes tl 
nore important 
condition 
t circulating 
eribed by Dow 


yeneral 


Breeding 


\ 


y\A 


commercial future Ol 


er appears to be dep nden 


ve lope nt of breeder reactor 


t 
l 


1 


nition ola breeder renctol 


if which produces more tiss 


iterial than it burns 


\ 
= 
t 


t the present time nuclear 
dicapped by high capital costs, hig e oF such orm or shape that 
essing costs, and 
Ii breeding is te 
issociuted with nuel 
be compensated for by 
le mater 
Ss necessary to assume 
materint will be 


such 
rT 
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ements 


ind difficulties 


eutectics of uraniun 
th meiting points of 

ind higher; (2 
lispersion of certain 


ipounds or allovs. oft 


meiting allovs: 


pot 
\ of these possibi i 


<P TlOUS development 


iw with containers, radi- 


reprocessing, ets 
ed that progress will 
ule in developing tech- 
them in the tempera 
| 


yuired 


or in lowering the 


Much devel 


opment Work Is requil nanny ol the 


melting points furthes 


fluid-fuel svstems is ona reac- 


tor design in order to make use ol 


them lo select ictor which ean 
be built in a reasonabl ime, it seems 
preterable to In a solid 
hori 

Assuming this to be 


of the ady 


NecessiuL some 


intages of the fluid fuels can 
e gained through the use of relatively 
en though they 
Within a 


materials, a 


low-melting materials ey 


are used form 


lnrge 


group 


alloy isonable choice 


Uraniti 


for the mith 


TYPES THAT MEET REQUIREMENTS 


mechanical 


doin the 


design 
this 
mig t 


table on 
ible) which 
the desired require- 

msible designs are 
centrifugally sepa- 
reactor with liquid 
reprocessing (TV pe 
ng liquid fuel con 

itor pot with the 

\-] 

fuel tubes with 


fuel inside tubes 


the fast, contimuous 
en in the table ire. at 


mations, but 


IPpProy 


eon 


they pros ly -~ fora relative 
ontivurations con- 


differ 


parison 


sidered mach case, slightly 


ent configuration ght give improved 


performance Tor hie ime basic con 


cept The design vhich will be investi 


initially a uranium 


is the 


gated 
allov as a fue hid) form 


general type of figuration under 
column Bin thi 


\ basieally 
itor type | mn " vhich oa pot ol 


mobile-fuel 


eoolint flow nig 


through it 


molten fuel is cooler 


int tubes or metal hells 
The 


critical iis vith 


contamer-m ris problem Is 
i material of 
relatively hig rmal conduetivit 


rm quired to conta quid-metal fuel 





Possible Reactor Configurations for Economic Power 


25-000 
OW) 


| 


OH LO 


160.000 


1.020 


S000 22 SOO 


75.000 1ISO.000 220,000 


1O20 ‘itd 


» O00 oh OOO 
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Pyvpes \ l l oure varia 
this 


culated for 


tions ofl basw iden ina are enl 


varving potential fuel com- 
positions and tuel-el 


To alleviate the m ris 


ment dimensions, 
require 
possible 


ment somewhat, it | ill bye 


to flow fuel in and o 


state but hold it im the 


potin the 
solid 
temperature 


it ot the 
molten 
state at a somewhat lower 


during the iajgor portion of the time in 


the reaetor his is the possibility 
envisioned in type B 
Limiting factor of the sy fis 


output of the tvpes A-2, B, and © re 


powel 


Clensity ind 
Od 


types 


tors is the product 


specifie he: ) oolant 
cal /com , im). For 
A-l and A-8, the high h lease per 
unit volume in fuel requu \tremely 


small fuel elements temper 


Phe HaNiiuin eoolwnt 


mited 


ature drops 


ol ill 


temperature 


bry eorrosion ettects 


Ultimate Reactor Type 
The would 


Incorporate all the most desirable ulti 


theoretical 4 ‘) hat 


with 


tulle 


mate objectives reede. 


a true fluid fuel ne Coin the 
It would include metallurgical process 

entional 
might be 
that would 


thermal 


Ing and would not have eon 


heat-tramsfer surface It 
built of refractory materia 
pood for either 


be reasonably 

or high-energy neutron 
The core of the reactor 

molten metal 
The fertile 


depleted Uranus Oo 


material n either 
depend 
ing on the product ce one pr 


mary consideration ifety 
hor example, on board 
congested area, thor 
be the fertile m ! i , 
would probab lon 
material I} 


able lrequent 


purification. of the tu mets would 


keep thr toxie om i hazard 
Poh TI Wath ! reactor and 
fins one tor iv 


Where 
ided 


adequate 
nu depleted 
breeder blanket 
outside of the 
clues 


pluton 


In other 





Monsanto Chemical—Union Electric 


THE LIMITATION 
plutonium-pow 

in the next few 

he ise 


col 


design must 


ably proven 


nNnNoner 
th} 


already accumulated 
The studies prese 
on operation of the 


of 


assumed period of f 


tion military pl 


clude reactors that 

be built in from fou 
The expected life of 

is usually 20 to 35 

consideration must be 

eventual 

the 


no longer exists 


production ol po 


when military plutoni 


orto the ar 

of the power-plant in 

in the 

market 
At. the 


natural-uranium — re 


period of the 
beginnit uy 
Howes tid | 


AKC that 


sidered, 
the 
would 


by 
made a 
wider latitude in the 
to be investigated 
The need for earl 
struction led first to 


of any reactor having 


output about which the 
design, cost, and operating 
available. The Hanford re 
filled all these specification 
Sodium the 
appeared to by 
the 
perature coolants because o 
ol 


Or odium 
eutectic 
ol 


promising potent i} 


amount data availabl 


FIRST-CHOICE OF POSSIBLE 


Metallic uranium was chosen { 
fuel to 
quired and because of the larg 


the 


minimize the enrichment re 

imount 
information available 
On the basis of 


unalloyved 


of 
rial, oun 
an metally 

element should be limite: 
perature by the change 

at the a-@ phase transitic 
1,229° F). 


safety, we chose 1,100° | 


To Live on 


mum uranium temperature 


element design was | 


ised 


general assumption that tl 


in the minimum plutonium ec 


62 


I} ho rator ands 
t k reflector would be 

OdlumM-potassit 
ad 


r melting 


1 the 


intuge ovel 

point and mine 

ible inlet temperature ittice 
ible heat pickup, but 

potassium offered su 

iges (the possibility ol 

ition between the potassium a Hue 
iphite, and a higher ab 

that 

Further 


ery high film heat-transfer coeflicient 


ind the 
Phe 


ection pure sodium W 


study 


luel e} 


indicated th hot sodium 


the yreate! temperature 


of 


permissible 
the coolant 
and the lack of 
tainless steel by sodium up to tempera 
of at least 900° | 


without involving 


pressure COTTOSION Of apor trom 


to detect 
ture would make it ool ! te 


possible to remove larger amounts of ‘he ole arrange! 
heat the 


could 


from elements wit! 
than ved 


whether pressurized or not 


fuel 
he 


odium pools would 


odium remo with thermal insulation 


iter 
the plutonium production 
proportional to the heat output 
reactor, other things being equa 


» of sodium gives the ports or locks 


Important 


dvantage of a higher plutonium pro mArOduce 
ietion 
lhe 
compared with eleetric 
to on 
Wi 


temper! 


rate for a given 


value of plutonium ij 
pow 


becomes 


HNEeCeSSAry 
tonlum production 
1 coolant the 
ia NIMIZe 


high 


plutonium | 
to 


enough permit 
electri 


to be 


ol 


peneration 
doe not appear 


wate! the coolant 


REACTOR TYPES 


On a comparable basis ind 
uranium-metal temperature 


miting tactor an interna 


fuel element 


than 


permits greater 


lrequent 


put an externally-coo! ISSe 


des 


Obviously, a fuel element whi 


internally and externally 


loaded and ur 


result in still greater heat outp an it full load 


vould a fuel element that 


tetaensiie coclnd Nuclear Characteristics 
lwo potential designs were 
if both has the Sittin 


ngement but differing it 


arr 


} 
Ing general 


thie 


coolan 


vstem, with resulting variations 


im the 


iding and unloading techniques plutonius 


the core 


SUrro 


mnded 


suitable 


ement ot 
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enrichment results in 


Pole specie powel i 
rradiation of the 
lutonium concentra 
uranium 
ld be realized not 
plutonium production 
iving in fuel and 
the longer irradt 
vase in the 
In addi 
the separated 
| 


ill further re- 


gher plutonium 
nthe irradiated uranium 

luce chemucal-processing costs 
benefits of enriched fuel have 
ized in our studies as yet 
lattice spacing and some 
eters have to be explored 

rh the main advantages of in- 
ig are those based upon 
characteristics which re 
power per unit cell, it is 
us method 


criticality 


to gain some 


heen considered 
content of the 

Il uniform 
the fuel used in the 
other is a ‘‘spiking 


he more highly en 


na given traction 


mtaet between sodium 
vel invetl would be 
with double con 
ea barrier space 
The bar- 
filled 


transter, 


aiums 
would he 


heat 


I 
for good 
inet 


pumps will 


the sodium flow 


Conversion of Heat to Electricity 


| 
CVC 


Internal cooling. ‘Thie 
or wit! 


power 

internal cooling Is 
sodium from the re- 
and returning it at 
from the 


heat ex- 


t sodium 


through the 


ip 


to produce turbine throttle 


it 150 psia, dry 


and saturated 
rated at a rate of 3-mil- 


ed to a turbine evele 


thermal efheiency of 


roe 


“a 


lectric output is about 


2200000) + from two 


turbogenerator 


110,000 kw eacl Auxiliary 


units ¢ 


power 1 pumping cooling water, con- 
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Characteristics of Na-Cooled Graph- 
ite Reactors 

Purpose Puand power 
‘I nerin il 
000 


Neutron energy 
Power (heat Mw 


[2 enrichment 


1.000 
OSS (O05 


Fuel elements Internally cooled 


tubes (and ex 


ternally cooled 


Moderator 
Reflector 

Shield 

Primary coolant 
Fertile 


Max 


material 
uranium 
| 
Coolant 
Inlet temp 00 
Outlet temp 
Max 


It see 20) 


Hoo  oOO)* 


velocity 
Gal min at 300° | 70.000 
120.000 
Pumping power 

SOC) effierenes 

kw »000 (5.000) * 
Octagonal prism 

20 ft high, 35 

ft across flats 

Reflector thiekne { 2 
Shield thickness Not vet specified 


Over-all dimensio Not 


vet specified 
alt igures in es are ch inges that 
would be made in ehar 
3,000-Mw reactor 


parenthe 


wcteristics for 4 





densate, and Miu totals appront 


( 


mately 5.5°7 of ss cupability 


Internal and external cooling. Two 
powel eveles have been considered for 
the reaetor wit! and 


; he it 


both internal 


external cooling One utilizes 
output of the sodium coolant over the 
entire temperature range between the 
reactol outlet 


300 to 900° | ind the 


inlet and temperature 


other rejects 
coolant below 500° | 
directly to the heat sink 

The 


evele are a si ially reduced total 


migain ntug of the latte: 


investment and a yx r output of more 


readily marketable 


The steam conditions for both power 
eveles have been taken as HOO posta it 
746° F to the turbine and 1.5 in. He 


absolute pressure i the condense 


In the first evel eam would be gen 


erated at a rate ol imately S.S 


prox 


million lb hu 


| 


turbine evel witt thermal 


efheoency of appre mately 2S] The 


resulting gross electric « 


utput would 


be about STS.000 KW trom five turbo- 


generator units 


Auxiliary power for this power evele, 
including the pumping of 
would amount to approximate 5°, of 
the gross capability 

In the second evel 
at the 


1.S-million Ib hr with 


generated rate 


eflicieney as in the first « 
sulting gross electric output wo 


DTU OOO kw three turbo 
Allowing tor 


pumping the 


about 


from 


generator unit aunili 


and sodium 
net output would be about 554.000 kw 


Phe heat from the coolant 


ary powell 
n the tem 
perature range of 3800 to S00 kK would 
be rejected by producing A 
psia and condensing it 


water-cooled heat exchanyg 


Conversion to Power Only 
based 


on a reactor producing plutonium for a 


The studies prese nted here are 
period of five vears The power plant 
should be 
period of time unless there | 
ifter thi 


amortized over the ime 


ome Way 
of making it useful period 
Subsequent to the five ent period 
there would be the proble m of choosing 
courses for contimued 


one of several 


power production during an era in 
which power Is the controlling factor 
Assuming that nuclear fuel would con 
nilable. the first 


tinue to be ay ilternate 


would be to continue operating the 
rector a heat soures 
tion of steam-generated electri 
would no longer be neces il 
as often, and operating cost 

er, the cost 


mught 
be about as high as that from conven 


reduced somewhat: howe 


of electricity from such a soures 


tional fuel-burning plants even though 
mmortized 


were tull 


two 


the equipment 


There are other alternative 


both of which involve hutting down 


the reactor In one of these i modern 


high pressure boiler ne " ul 


pres 


sure topping unit would be installed 
In the other, onl] hig ! ine 
built to 
In this « 


that the 


holler 
would be turbogen 
umed ol 


would 


feam 


erator 
course 
e been designe: 
at some high 
evele efherencey 
through the use of 
pete with modern coal 
Thi 


amount of heat from 


probably Mean 
produce high pressure In both 


these ilternative the original plant 
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would hin ‘ beer 
| } vv 
nomcatlL chanye-o 


tonium-produe tion 


Pu-Power Plant Economics 


The table on tl 
production cost 
the two cases di 
in this table were 
liminary informut 
Westinghouse Elect 
Kleetric Co. The 
clude such items a 
ing charges, public 
federal income tay 
would have to be add 
ultimate selling price 

In «a reactor produ 
and power the cost of 
be borne by the plutons 
mnevitable consequen 
tion of this mates 
in the steam (but 
eqiupment, operat 
for transterring it 
free It might be « 
electrical power rmince 
source would be le 
conventional source 


ence could be ou 


I plutonmiuy 


PROBLEMS THAT REQUIRE DEVELOPMENTAL STUDY 


Even though the t 


considered the reneton 
cooled Hantford-type 
was on the basis of a 
plicable practical ind resea 


tion there are «le 


nem which require res¢ 
cle elopmental studs 
ire problems t! t 
he reactor to 
reasonable — life 


them solution 





Electric-Power Costs 


Capital costs ($10 2b 
Net output (kw 210.000 


Cost (8 kw 124 


Depreciation | 
Property taxes, in 
Kuel cost (coal, 80 
per 1O*8 BT 
Operating cost 


Toral 


* Assumption 
and insurance 


t Heat rejected bel 


61 i 
rot O00 2H0 000 


110 aa 
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ystem 


between 


under oper 


operat 


rated 


iponent 


Suitable 


—END 


June, 1953 - NUCLEONICS 





SUPPLEMENT TO 


Nuclear Reactor Catalog 


The concise tabulation of declassified details of reactors in operation or in 


advanced stages of design and construction is brought up to date 


By H. S. ISBIN 


Department of Cher 


iJ 


several new 


muneed and 


, 
renetors lave 


purpose of this 


ipplement to the 


whiel 


the sume stvie as 


nal ecntalog kor ex 


siheation of a renetor 


ng points of interest 


renetion based prima 


ntermediate, or fast 


neu 


issembly, either 


erator 


hete rogeneous; mod 
ol re powel level 


ietor 
das the generation 
the 


but as 


na 


rute 
flux 
other 


neutron 
unless 
designating the 
| 


supersedes 


the 


sted 


first list 
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4 10,000-kw 
polsananae 


from the Netherland 


PUlsioOln os bemg 
ili 
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Available Data 


on Nuclear Reactors 





Name 





Reactors in Operation 


Bulk Shielding Facil 


ity (Swimming Pool) | 


Onk Ridge Nationa 


Laboratory, Oak 


tidge, Tenn f 


EBR, experimental! 


Sreeder he wetor 


feactor Testing 


Station, Arco 


MTR, Material 
Testing Reaetor 


(Reactor Te sting 


Station, Arco 


Idaho) (S 


LITR, Low-Intensity 
Test Reactor (Oak 
Ridge National 
Laboratory, Oal 
Ridge, Tennesses 


(9 


SUPO, Super Power 
Water Souler Lo 
Alamos, Ne \\ Vie \ 


wo) (10 


North American Wa- 
ter Boiler Nortl 
American Aviation 
Ine., Downey 


Calif.) (11 


ZOE Chatillon 


France) (12 


ol eny ehed | ‘H) 
ontaiing 30 to 40 gm of 


Al 


ed uranit 


containing 


ee gn Ol 


S70 gm | 


:. 30: 32 


lL inh Tor 


iranvl nitrate 


lution 


i tablets 38cm high s ced leavy ter od tn» (at 2 | 


OCKS 


sof 66 mm n contained in eying ' diffu length 


le 
i elective heigl 


tv of oxide 
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Over-all size 


Remarks 








| 
| 
| 


| 
] 
26, in long 
control rod, 


dimensions 


Two additiona Light water cireu 
control rods (se lated through 
HYPO) move | three 20-ft long, 
reactor core : in. O.D., 346 1n 
entrant thimble | I.1). stainless-stee!] 


ling tubes 





at 10 


| 
| 
| 
| 


Negative temperature | Bulk Shielding Facility 
coethevent O.OO75°, 1 (Swimming Pool) (( kik 
Maximum available Ridge National 
slow-neutron flux, 10 Ol Onk 
nh, em? sec MAXI 
ivailable epithern tl 
flux, 3 & 10% nJ/em 


om 


Steam generated at 400 | EBR, Experimental 
pst from secondary Breeder Reactor 
Nak coolant stream 4 eto Is ng 
ind fed to a 250-kw iti i Arco 
turbogenerator 
Power density LOkw 
im 

For study of material 
exposed to intense rad 


nutions 


Served as mock-up for , Low-Intensity 
MTR and now used for rector (Oak 
research MTR fuel dg National 


elements used Yr ry Oal 





istimated max. inter | SUPO, Super Power 
mediate flux 2.8 * 10 Water Boiler Lo 
est. max. fast flux 1.0 \lumos, New Mex 
x 10 


Unit in air circulation 


| 
'] 
100 1 mun) system re 
combines TH, and O, to 
keep Hl» concentration 


below detonation limit 


North American Wa- 

ter Boiler North 

Amencan Aviation 
Downe 





Laplacian 


100 kw per ton of 


rptitn 


Continued () 
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Reactors in Operation (Continued) 





Vame 





BEPO, [ritish Ics 
perimental Pile 


(Harwell, england 


» 


JEEP (Kjeller 


) 


way 


HRE, Homogeneous 
fenctor Iexperi 
ment (Oak Ridge 
National Labora 
tory, Oak tidge, 
‘Tennessee 14 
CP-3’, Argonne 
Heavy Water Ke 
actor (Argonne Na 
tional Laboratory 
Chicago) (145 

TTR, Low-Power 
Thermal Test Re 
actor (Knoll 
Atomic Power Lab 
oratory, Schenec 


tady, N. Y.) (16) 





Ho 


1.000 | 


2-1n.-long uran 

ed in Al; 28 ton 

1) tons for full le 

OOO channe used 
er cl innel 


enannels 


Reactors in Advanced Stages of Design or Construction 


Raleigh (North Car- 
Olina State College, 
Raleigh, N.C / 


STR, Submarine 
Thermal Renetor 
(Reactor Testing 
Station, Arco 
Idaho) (8) 

SIR, Submarine In 
termediate Reaetor 
(Knolls Atom 
Power Laboratory 
Schenectady, N.Y 


s 


Ship 














Thermal 


14 liter of light water solution 


LO.SO, containing 700 


oO l otopic enrichmen 


of solution 1.08 gr 


| 
| 


Reactor 
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Re mart 


Vame 





anal 
Te 


O00 


> O00 











! cadmium plates 
1300 mm = long 
350 mm wide, 1.7 
mm thick, held be 


tween Al plates 


it removed 
pumping fuel 


through 


se: O be 
sheets 
vice IS in 


it periphery 

tank Fine: 2 Cd 
rods, IS in. long 
ly in. dia., mo 


between f 


sintered ‘ I y min 


powder, in re through each 


int heath il couls of 


2 shim rods (4-i1 i S. tubing 


ice ('d ip mmersion 
f 


periphery of reae- | ng total im 


tor eviinader } rine n length 2S 








] 
NMlaximum surface tem 
perature Jind ¢ Ura 
hatin cartridges in 
proved so power out 


Also see 


put is 6 Mw 


ret, 13 


Has operated at full 
design power ind has 
generated about L50kw 


ot electru power 


Internal thermal col 
unin is a graphite eyl 
inder, 12 in. dia., PSan 
high st hole is in 
center of column 
Pemperature change 
ot 10 (° eauses re 
y change of Ak, / 

Ne wautive 


temperature cor flicrent 





lLixpected negative tem 
perature cocetherent 
gm | ( it 
temperature ined 
gin | (" at 
temperatures (taken to 
bee inne is Los Alamo 
Water Boiler Maxi 
mum reactor olution 


temperature SO f 


] ind bos ed prototype 


pulsion 


lurge mi 


BEPO, British Ix 
perimental Pile 


Harwell bingland 


JEEP (Wjeller, Nor 


wis 


HRE, Homogeneous 
Reactor lixperi 
ment Oak Ridge 
National Labora 
tory Onuk Ridge 
Tennesse lj 
CP-3', Argonne 
Heavy Water Re 
iwctor (Argonne Na 
tional Laboratory, 
Chicago) (1 

TTR, Low-VPo 
Phermal Test Re 
ietor Knoll 
Atomic Power Lal 
oratory Schenes 


tady \ It 


Raleigh (North Car- 


olina State College, 


Rauleih. N. ¢ / 
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Gamma-Ray O 


To provide a more precise standard 





x " 





+s ~ 
aha thet -sth-theefh-th-h-th-e-h-h-eth- 


1 


¥ 





y-ray source, the authors made 


7 





cavity-chamber measurements of 





radium y-ray output in 0.5-mm Pt. 


Kh 





oe 777777777777, 
CLLLL _eemmene 4 Pd 





Their value of 8.44 + 0.07 r/mg/hr 











4 
AL 444 // 
= Se eee ee eeneaae=e=a=« 


—~—eenthttttttth 
SA AA Af J, (Lo 











at 1 cm compares well with 








corrected previous measurements 


inner electrod 


,¢ 


FIG. 1. lonization chamber 


By A. GHOSH,* J. KASTNER, then, the values published | , | than 100 cm oures and cham- 
and G. N. WHYTE from S.O ro mye) ! 4 7 | were located more than 2 m from 
Division of Phusic 

Vational Research Co 


Otlawa, Canada 


nearest Walls ane way between 


ind ceiling of a room 3 m high 


Apparatus 


greater distances measurements 


THE GROWING USE of 
sources in medieme 
research has ineresses 
of standard oOurce 
known output, for 
Ing instrument it) 
In many respect 
most convenient st 
pose, 

The figure common! 
dose rate ino roentgen 
}omg of radium en 
platinum, asderivedtror 
with an nir-wall 
(thimble chamber 
(1) tabulated the r 
urements made in 
years; alter being corr 
conditions, they 
r/mg/hr at Lem 


lem, witha mean \ 


* Present Appt 
Ottawa, Canada 

tf Presenr Appres 
Co., Nela Park, Cle 

t The term outy 
denote the dose rate 
at a specified distance 
the radiation trot 
seems to be no com 


express this quantity 
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hie chamber 
madenser type, first 
sO'¢ Fig | 
1.95 em lone by 1.60 em in diam- 
] 


The collecting volume 


eter, enclosed by a 0.5-mm polystyrene 


i coated inside with a thin layer of 
i@ inner electrode, made 
Was 1.35 em long by 0.19 
n diameter \ polystyrene buse 
ad to support the inner electrode 
to insulate it from the outer on 
Wall thickness could be 
iddition of close-fitting po 
of 0.5-15.5 mm thieknes 
Radium sources. A num 
ent radium sources 
ein the form 


outer 


to 5.6 em fo 
contents 
comparison 
tnadian standard 
Apparatus set-up. [u 
chamber and source 
wooden lipport 
to minimize the 


I 


radiation reaching the el 


For source-to-chamber distances 


made outdoors with the chamber 

5 m above the ground. 

Operation. The rate of ionization 
I ir volume of the 
ven distance from the 

ce Was determined by charging the 
ctrodes to a potential difference of 
100 volts, exposing the chamber 
gamma-radiation from the 
interval of time 

resulting decrease 

were menusured 

electrometer 

rated uguinst a 

otentiometer Lhe electrometer 
Input termi- 

mcity of the 


Mmber doe = not 


radium 


volume 


Measurements 
measurements were 


source-to-chambe 
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between 10 and 150 em and different workers it is necessary to roughly by Ad*(1/D*), where d is the 
number of different source reduce their measurements to a com- source-to-chamber distance, 1, D? is the 
In each case, the jioniza- mon wall condition, and since a variety mean square value of the inverse of 
measured for eight wall both of wall materials and of wall the distance to the surrounding objects 
between 0.5 and 16.0 mm thicknesses has been used ino past and A is an empirical factor between 
a curve of ionization vs work, the simplest procedure ts to 0.05 and Q.1 (4 On this basis, the 
ekness could) be obtained. correct to zero wall thickness.) <A seattered intensity amounted to con 


rve Was measured several times — further small correction was made for — siderably less than 19% of the primary 


the sequence of wall thicknesses the absorption in the air between the intensity tor all distanees used Thus, 


nat random to reduce the effects source and the chamber; it amounted any deviation from the inverse-square 
slow variations in such factors to 0.38% per meter law should be due to a displacement of 
perature and pressure lonization values. The values of J, the effective center of the chamber 
al curve of ionization vs wall obtained for each distance and source” from the geometrical center (as a 
is presented in Fig. 2. It strength, expressed in terms of the consequence of the fact that, because 
familiar initial rise with change of voltage on the chamber per of the predominantly forward ejection 
thickness as electron equi- minute, are given in column 3 of Table of Compton electrons, more of the 
established, the maximum 1. Column 2 lists the effeetive con- ionization in the chamber is produced 
>} mm, and the subsequent tents, YQ, of the sources used. By by the gamma rays interacting in the 
ll-off due to gamma-ray ab- ‘effective content’? is meant the true front wall than by those interacting in 
on The position of the maxi- content of the source in milligrams of — the back wall 
depends on the distance of the radium reduced by the percent ab- Figure 3 is a plot of 1 o/Q vs d; it 
ber from the source, the interven- sorption of the emitted gamma-rays shows no systematic deviation from 
ing as a substitute for the in the radium salt; for example, a — the inverse-square law down to a dis 
ilent mass per unit area of wall source of 25-mg effective content would — tance of 10 em It may therefore be 
Thus, at a distance of 10) haveagamma-ray output 25timesthat concluded that, at the distances of 
maximum occurs at 3 mm of of a single milligram having negligible interest here, no significant error = ts 
rene, Whereas at 150 em it is absorption in the. salt Prue source involved in measuring d to the geo 
1.5mm content would be slightly greater metrical center of the chamber, 
would expect, the slopes of In column 4, the values of the extra Corrected ionization. In column 5 
between S and 16mm cor- — polated ionization, J, have been of the table are shown the tonizations 
ipproximately to an absorp- divided by the effective contents to corrected to correspond to a source 
ent ofo, forthe attenuation give the ionization per mg of radium. — strength of | mg and a distance of Lem 
mma-ravs inthe chamber wall The resulting numbers should depend Their mean value is) 135.8 + 0.7 
portion of each curve was only on the distance of the chamber volts/min, where the uncertainty indi 
d back to zero wall thick- from the source Provided the secat- cated takes into account the spread in 
the ionization, J», corre- tering from the surroundings is negli the individual numbers and the esti- 
Oo no attenuation [As gible, and provided the source-to mated accuracy of the electrometer 
Kaye and Binks (2), the chamber distance may be taken to be calibration. This value corresponds 
i dose rate at zero wall the distance from the center of the to ionization produced by secondary 
somewhat artificial, since source to the geometrical center of the — electrons from a polystyrene wall 
there must always be chamber, the variation with distance Had the wall been exactly au 
material between the source — should follow the inverse-square law. equivalent,” the ionization would have 
menusuring volume to establish Scattering. The effeet of scattered been greater, since the stopping power 
um between the gamma-rays radiation was estimated using the fact per electron for electrons is less for aur 
secondary electrons. How- that the ratio of the seattered and than for polystyrene. Laurence (1) 


rder to compare the results of — primary intensities can be expressed has worked out the necessary correc- 








TABLE 1- Observed Rates of lonization TABLE 2 Corrected Published Results 


Through ¢ 


Reference 


0538S 
0530 
0 72 
OL390 


O0GO6 36 Present experiment 
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FIG. 2. Variation of ionization with wall thickness. (Source-to- FIG. 
rates with inverse-square law 


chamber distance 50 cm) 


tion factor in detail 
amounts to 1.055 
Calculated output. 
sible to calculate the 
at lem, of | mg of 
0.5 mm of platinum 
Jo C/V & 60 min/hn 
x 10" esu 
where Jo rate 
on chamber, in 
1 mg at | em; 
chamber in farads; and 
Chamber in em, The 
t 0.07 r/mg/hr at | 
to roentgens per hour at 
O.S44 + 0.007 rhimn/em 
is based on estimated 


tion, chamber volume 


Discussion 

In the first column 
listed the results of 
chamber measurements 
ray output of radium 
the mean value obtained 
(1), after correction te 
ditions, from results pu 
1937, and a number 
values. Some of the 
tween these values are di 
different wall correction 
column of Table 2, Lau 
tion has been applied thre 
the measurements of Kaye 
have been further corrected | 
tion of the gamma ra 
The corrected value 
value of S41 + O.O2 4 4 

It should be noted 
this value, obtained 
ments made with « 
differs appreciably 
tained with free-air cl 
Kave and Binks (2), using 
chamber, found a value of 
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eased by about | nt recount 
Anomalous graphite stopping 


power. One pos ible source of such a 


epaney tit been potted out b 


1) | IH Caras who has « iwh 


ttention to the conclusion of H iupern 
nd Hall (9) that the stopping powel 
graphite might be expected on 
theoretical grounds to be anomalous 
yh Halpern and Hall calculate the 
ity effeet—the reduction in- the 
te ol energy loss ol a charged particle 
condensed matter due to the tend 
arb itoms to screen more 
tant atoms from the effects 
ld of the particle 
most elements at energie 
\ley but to be quite 
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the reduction amounting 
it | Mey 
pomts out th 
t the ton 
same flux 
raphite, parafl 
ionization chambers 
dence of an anomalous 
is 10% Ie 
Ww percent 
should suel 
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rate at Len 
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measurements 
chambers wi 
{ would be brought into el] 
reement with the measurements tn 
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Comparison of ionization 


reent in 
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. for measuring 
fast neutron fluxes 











“HIGHLY SENSITIVE 
( NON-DIRECTIONAL 
TO 
i G00D GAMMA DISCRIMINATION 


( conpuereu PORTABLE 





Dimensions: 842" x 812" x 15” 
Weight: 15 Ibs. 
Battery operated: Life approx. 100 hrs. 





LEAMAL vc 


5303 Adeline Street - Oakland, California 


LABORATORY ¥ ELECTRONICS RESEARCH & 
g GLASSWARE EQUIPMENT DEVELOPMENT 
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Lermac SCINTILLATION 
NEUTRON SURVEY METER 


Here is an entirely new fast neutron survey meter 
developed by a leading atomic energy research 
laboratory and offered commercially for the first 
time by Lermac. Energy flux densities as low as 
20 Mev/em?— see can be readily and accurately 
measured, The sensitive element is a sphere, ideal 
for isotropic fluxes. A thin layer of phosphor read- 
ily detects the proton recoils, while electrons lose 
very little energy, resulting in good gamma dis- 


crimination, 


The Lermac Neutron Survey Meter 
reads accurately and quickly over 
an energy interval from 0.1 Mev 
to 20 Mev, fluxes equivalent to 1.5 
mrem/hr — neutron fluxes well 
below tolerance levels. 


MECHANICAL ACTIVE CHEMISTRY CERAMIC TO 
DEVICES EQUIPMENT GLASS SEALS 
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CROSS SECTIONS 








Cop O- - - 
Spring N 
Reflector disk L 


Lead shield- 


Mu metal— 


Photomultiplier R 











> Assembly head 


Pressure valve 


M Dessicant 
J Crystal ho 
| Crystal 


Neoprene seal 


N 


re 
© 


Felt spacer 


Body 


Filler ring 
) Diheptal socket 
Socket pusher 


Tension rin 
9 7. 


L uf 


Resistor box 











Cross section of assembled housing 


FIG. 1. 


FIG. 2. 


Disassembled housing. 


Crystal, dessicant are not 


shown; W is lapping device 


Rugged Scintillation-Counter Housing 


for Biological 


By L. E. PREUSS 
Physics Department Edsel B. Fo 
Institute for Medical Re 

Detroit, Vichiqan 


The seintillation counts 


larly useful ino biological 


tracer research because 


gamma sensitivity Such 
frequently necessitate 

of the instrument, while 
itself 
This rugg 


logical applications den 


tion counter is be 


bench work. 
and sturdy design 


Criteria 

The first requirement | 
The cle 
allow operation in any posity 
the t hb 
enough to serve as a base 
shielding 


design must allow good opti 
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is portability. 
housing ntl 


ond, 


and magnetic 


Applications 


the photo- 


effi- 


erystal and 
Related to 


reflecting surround is 


between the 
multiplier this, an 
cient necessary 
to direct back to the photocathode that 
vht which has escaped from the 
jJUXTA position 


Fourth 


stal surfaces not in 


th the photoe ithode where 


hygro 


the intillation ervstal is of a 


opie nature, a dessicated environ 


ment must be provided and a drying 


stem must continuously maintain the 


urround at a very low concentration 


i il ible moimsture over “a long period 


lly, the unit must allow simple 


conditions 


erystal and 


sembly under dry-box 


vith easy replacement ol 
hotomultiplier 
The d desertbed is te he 


for the 


Viet used 
detection of 
particularly that 
the 


eliminates hecess 


O Work 


{ 1 
OWs [Or @ OF 


components — ¢ hosen 


re a OSIY photomultiplier 


thallium activated) scintillation 


The 


he id-on design and large photo- 


5S19 is chosen because 


ithoc iren with large pulse SIZ 
Wi consequent ease of discrimination 


The Nal 


the large size 


rainst dark-current pulses 
il is used because of 
riety ol crystals aval 
These crystals 
up to L'6 in 


the sensitive ares 


singe 
mav be ob 


diameter 


photocathode window 
on spectrum. of the 
1100 angstroms. This 
et end of the sensitivi 
the 5S19 and about 25 
about 
The high 


stal for 


maximum sensitivits value 


1SOO ingstrom units. 7 


operation 


Harrisor 
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FIG. 3 


device 


(Top) Cross section of lapping 
(Below) Shape of abrasive cloth 


housing 
The 


is made of 


the 
Fig. 1. 
ly of the housing, F, 

with 


Section ol 
is shown Ith 
outside and inside 

and 2!'4 in 
which. the 5S19 tube, R 


Since the 5S19 produc- 


respec- 


west may vary through 1g 


eter and %¢ in. in height, the 


of F 
date the 


should be made to 


largest) obtainable 
s allows routine replacement. 
is centered in F 
soft felt 


with a 
spacer pad, G 
the glass envelope and 
m impact against. the 
Fis built up at the 
outside 


and 19) g-1n 


accommodate the 

1'5 in. in diam- 
Is lapped to fit 
surface of the 
The 


ervstal 


the 
photo athode. 
the aluminum 
} 


{ highly 


polished to 
ction for the scintil 
rp \ 
vith <%¢9 In. eng 
fit J to f The 
iy ivuinst the photo 


threads 
igement 


erystal 
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the 
The 


polished 


cathode windo ny ie rf 
reflector disk 
aluminum disk ghily 


on the erystal sid nd a center hole 


ind cone-shaped ire pro 


ng 
vided to free any les entrapped 
during assembly 

The dessicant saostrip of press 
extruded metallic sodium coiled into a 
loose disk about the size of a dime. It 
fits in the top of LZ and may be held in 
place by a clip Phe aluminum cap 
igainst a 
The 
eaup also has a cone-sl iped ceiling to 

» air bubbles Phe 
B.D.LS-1 
syringe stopcock Vhs 
filling: thi 
during the first assembly, but is best re- 
The 


tightens 


O, seals the unit by iting 


square '¢é-in. neoprene gasket 
| 5 


pressure valve 
an ordinary one-Way 
valve is con- 
vernent tor erystal chamber 
routine use, 
aluminum assembly head, P, 


the « ap, O, against thre 


placed by it plug lol 


upper neoprene 
sharp “V” 


threads, 28 per inch with }9-in 


ring seal by means of 
engage- 
The indexing pin kK, 


ment. prevents 


rotation of O during assembly 
The 5s19 photomultiplier is snugged 


against the neoprene ring, //, by means 


1 


of the tension ring, A, which exerts a 
socket 
seated 

The 


Hecessary ws 


upwards vninst the 

B, which in 
against the cdiheptal sor 
filler 


tube-base 


loree 
turn Is 


ket D t 


pusher 


ring, Ly, may be 
| 


centering sleeve to com- 


pensate IO SIZ ivintions due to 


production tolerances This ring will 


be custom made for each tube base. 
To reduce bulkiness of F the top half 


of the diheptal socket is turned down 


to 2%6 inch diameter Only the top 


half of the socket is used Connections 


to sor ket termun ils mia 1 carried out 


by enable or be mace 


directly ino oan 
insulated resistor box in which the 


dropping resistors il si) lered directly 


to the socket term 
Figure 2. show 
iwsembled 
\Iu-metal and lead - lds are used 


with the probe shield mia 


be made just as eff e, but less mas 


“ive by utilizing tapered design 


indicated in) Fi | Phis taper wall 


in eg lent number of 


! tear ' 
alue myers a) Osada 


still produce 
half- \ 
directed to 


radiation 


Vards the eryvsta 


Dry-Box Assembly 
The housing 1 be p 


assembly, the erystal housing is fitted 
to the body 
against /7/. 


tially filled with dessicated paraffin oil 


Then the 5819 is snugged 


The interior of J is par 


dessication may be produced by 


storage with strip metallic sodium), 
Che ervstal is now immersed in the oil, 
and the unit made up of O, N,L and M 
is seated firmly with pressure from P 
igainst the n@oprene seal 

Valve Q is open during the seating 
procedure to avoid hydraulic pressure 
on the fragile window of the tube 
The oil level is brought upto the top of 
(Q by means of injection by an ordinary 
hypodermic syringe with a 3-in. needle. 
The needle, inserted through Q and the 
hole in L, 
bubbles trapped there 

The 


enough to ay 


ceentel will remove any au 


neoprene se ils must be soft 
localized stress 


Neoprene [tj 
tested on a 


old undue 
on the tube window, 
20341)? used 
Shore durometer 


This 


exposure to the oil 


here Wits 


it rating 35 45 


rubber may soften upon long 
ind all parts must 
ind other con 
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paratlin oil 


be free of machining oil 
before issembly 


clissol ed n the 


tamunants 
materials 


may increase its absorption of the sein 


tillation photon Considerable cau 


tion must be observed throughout the 


assembly to avoid unnecessary pressure 


window 


a slight 


on the photocathode 
seals will hold with onl 
sure from A 
Crystal Lapping 
Where 


ervstal ane 


iritirniate contact between 


phioter at bvcncle window 3 Is 


desired, a lapping device may be used 


bigs. 2 and 3 Phi 


num lapis cut to the exact 


face of the alumi 
eontour ol 
Phen 
met llograypoline ibrasive paper or polish 
ing cloth cut 
Fig. 3, the base 
to fit the tube 

This 


{. ’ 
ices 


thie photocat hoc Witidow with 


to the shape suggested in 
of the erystal is lapped 
more mtiniate 
will improve 
collection efficiences 

experience here that tial | poll hing 
hand with 
cloth, plus Linde A or L 


ik meta loyraphire 
nde Blevigated 


ccellent finish 


done by 


aithtilnna produces iti ¢ 
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The True Body Dosimeter Principle 


By W. A. SHURCLIFF 


RADIATION SUPERVISOR 


Automatically and Continuously 
Monitors Radiation 


MODEL DZ14 RADIATIO LPERVISOR 
is designed to pr ! t 
monitormge of radiat of 

and can be used 

and sound remote 

othice or in safety cont 

has built-in Aural ane 

adjustable enmsit 

respect Just plug 

persisor tine am 

that plugs direct 

DZ14 has been 

der continuo 

of electron 

onnel, Satewu 

moval of het 

alter working he 

The Radiation Super ‘ ! 1 a | 

tectolab GUARANTEES Orde , , ; itl Duck-scatte i ition 

ep Contamination from underwater 
Price $225.00 complete burst. 


Reactor Contro! Instruments 


In Exact Accordance with 
ORNL Practices—Important 


DETECTOLAB N¢ ha } 

do the job) Our 

first am the counts 

mereralls reactor 

mstrument described be 

the instruments used 

tems and are full 1 4 . 

Catalog 3A. When plannin source (1.3 Mev 
requirement you can dey " 

lal, experienced engine i Vis placed on a 4 


meter used 
MODEL DR MAGNET AMPLIFIE ( ! speed up the « 


pl ied aon 
MODEL DR LOG n 


MODEL DR |—PERIOL | 
Luthor 
MODEL DR 2 1 TE 1 bedi he meter 


MODEL OR TAGE SUPPLY—é on I 


Volts Negative 


MODEL DR 
cal to ORNL 


MODEL DR 9 
ORNL) 


MODEL DR 3 


Also available are 

cluding a complete 

ing clement In 

ociated compan 

service in the freld : ¥ 

control equipment ¢ , 1 hi i } i rag ing han oe, 

in reactor program 

trumentation be construc " | (I ! ( 

cnutascouiy. All e ab dears ) ii Are Errors Important? 
protmptty oe wat ‘ ! i 


I} 


Catalog available on request 


DETECTOLAB, Inc. 


Main Sales Office 


6544 N. Sheridan Rd., Chicago 26, II! 


ou or turns tis back 
Air-burst atomic bomb. 
te of attenuation of 
Se 1 tl SOUTCE 
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Rivaling the versatility of a human 
hand, Greer’s new manipulator 
permits a man to handle dangerous 
materials by pushing buttons! 


The assignment wasn't easy. Greer engineers 
knew the ‘ omple X\ mec hanic S involve dl inh human 
hands. The simple act of picking up a pencil, 
for example, may encompass half-a-dozen dis 
tinct: and separate motions, But today —after 


vears of patient research and devek pment 





Greer is proud to present the proved solution 
the Greer Bridge Hydraulic Manipulator 


Providing the operator with complete protec 
tion and unimpeded view, this manipulator is 
ideal for such applications as handling radio 
active and highly toxic materials, dangerous 


chemicals, and others. 


Available in addition are the new Thru-Wall 
Electric and Thru-Wall Tape Remote Control 
Manipulators, and other special types. Greet 
Research and Development maintains a staff of 
expert engineers ready to discuss your partie TAY 


problem without cost or obligation 


a 
gs Boy. 


aGREERS 


RESEARCH & DEVELOPMENT 


Operator, in photo on left, automatically engages 2%" 


finger-action tool capable of exerting up to 1500 Ibs Vise 
and socket tools are shown in tool holder 


A MASTER CONTROL BOARD PINPOINTS OBJECTS, CONTROLS 7 SEPARATE MOTIONS 


Push buttons control all motions. Positioning motions are (a) Rotation of both upper arm and Elbow action is provided by a 22” 
Rates of motion are determined by longitudinal (b transverse and wrist is accomplished through a sys- forearm rotating in a vertical plane 
foot or hand control. Mobile con- (c) vertical. These motions are pro- tem of gears and worm gear drive. through a 135° are. This motion can 
mounted on “V” rail vided by a) mobile bridge, (b System is adjusted to prevent inter- produce 2100 inch-lbs. of torque 


1s 
and (c) hydraulic ram action between motions. with 100 Ibs. load 


trol pane 
ind keeps operator opposite work. trolley, ¢ 


GREER HYDRAULICS INC. - 454 EIGHTEENTH STREET - BROOKLYN 15, NEW YORK 
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@ Constant research and develop- 
ment of new products 


eS Rigid mspection and production 
control, assuring continuous 


high quality 
ct Up to-date plant facilities 


These are some of the advantages of 
AMPHENOL that are offered to the elec- 
tronics industry -advantages that result 
in AMPHENOL being specified by elec- 
tronics engineers. The experience of over 
twenty years in the young electronics 
field go into the design and manufacture 
of each AMPHENOL part. Accustomed to 
olving tough problems, AMPHENOL is 
constantly working with the Armed 
Forces and with industry to design and 
produce quality electronic components 
That we have succeeded is attested to 
by the constant and heavy demand for 
AMPHENOL parts. With over 9,000 separate 
cataloged items to draw from, the mod- 
ern American manufacturer is finding 
that it makes common sense to depend 
on AMPHENOL. 


CATALOGS 

Users of quality electronic components 
will find the AMPHENOL catalogs shown 
below excellent sources for their buying 
needs. Besides the C-3 methods manual, 
illustrated are the B-2 general catalog; 
A-2, AN connectors, and the D-2, RF 


cables and connectors 


AMERICAN PHENOLIC CORPORATION 
1830 SOUTH 54TH AVENUE « CHICAGO 50, ILLINOIS 


AM PHENOL 


“a 





Front of chest 


Cross 


section of - D; 
wearers 9 
chest 2 


“Lead disk 











FIG. 1. Extrapolation type of true body 
dosimeter 


exposure is important. To relax 


ecuracy requirements makes an al- 


ready difficult situation even more so 


Published requirements on dosimete! 
performance stress the need for high 
accuracy (4 All common errors are 
required not to exceed 20% The 
fact remains, however, that large 
errors must be expected frequently, 
even for dosimeters that would bey 
rated pertect by the usual standards’ 

Half-way measures. Various half- 
Way measures can help somewhat. 
Upward revision of dosimeter calibra- 
tions would tend to reduce the average 
error but would work rather poorly 
in the special situation where all radi- 
ation comes from the forward direction 
Mach person could wear two dosimeters 
one in front and one in back. Sut this 
would work badly when radiation is 
incident from all directions since both 


dosimeters would read low. 


True Body Dosimeters 

The true body dosimeter principle 
consists of making such change = in 
dosimeter design, and specifying such 
orientation of the dosimeter on the 
wearer's chest, that approximately the 
identical reading will result irrespective 
of whether the radiation approaches 
the wearer from ahead, from behind, o1 
from both directions equal \ 

Two general methods have been 
worked out,* one called the extrapola- 
tion method and the other the com- 
pensation method 

Extrapolation method. In Fig. | 
D, and D. are two identical detectors 
They may be two pieces of photo- 
graphic film, two areas of a single strip 
of such film, two small disks of radio- 
photoluminescent glass, or two iden 
tical samples of any other type of small 
accurate detector. Between the two 
detectors is an attenuator, e.g., a lead 
disk 10 mm thick and 15 mm in 
diameter, or a 5-mm-thick disk of the 
very dense alloy Hevimet 

assembly is enclosed in a thin 


elope serving the usual purpose 


iding 








---Front of chest 


Plastic button 
P3 Detector D 


Lead envelope 











FIG. 2. Compensation type of true body 
dosimeter 


he spectral response curve 

» lead envelope Is th turn 
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i locking pin used in 

dosimeter so that 2) is 

venrer’s chest 
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etive true body dosime 

se of the shielding bet ween 

letectors, their readings will 

exposure from radiation 

rom front or rear. The sign 

fference between readings 

lirection of the radiation; 

the readings, magnitude 

rection factor If the two 

the same reading, the 

id be that the radiation 

nt from one side and that the 
essentially correct. 

oming of this device is 

on of a calibration chart 

much empirical testing 

differences in detector 

rms of true-body dose 

different calibration 

be needed to take into 

1 itions In human bodies 

Compensation method. In Fig. 2 

D be a small thin detector post 

imately oas indicated 

il case On the side 


toward the wearer's 


thick button of Lucite 


low atomie nume- 


button are en 


s follows It 
from ahead of the 
on of the response 
mduced directly by 

radiation within 
response is pro 
econdary elec 
if the lead envelope 
nol 
radiation approa hes 
behind, ie., vin 
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tor itself Sut 
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ANTON _ sae to 


the development of the 
ATOMIC SUBMARINE 


and other nuclear power projects 





At your service, too, are AEL’s facilities for nucleonic development and AEL’s 
varied nuclear products. 


® Radiological detection and monitoring instruments 
® Geiger Counter Tubes (JAN approved—Industrial—Medical ) 
® Corona Discharge Voltage Regulator Tubes (JAN Tubes available ) 
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1226 Flushing Avenue, Brooklyn 37, N. Y. 
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FIG. 1. Effect of fall-out below 100 kev ! 

















FIG. 2. Effect of fall-out below 1 Mev 


the energy distribution 

nt radiation and the photo- 
orption. fF 

illustrates the differential 
r energies below 1 Mev (none 
rain | igs. lor 2 have been 
energy de- 
the efficiency of the 


the gamma 


lide detector or for absorp- 

the ervstal containet It is 

it there appears to be a peak 

ittributable to backseatter- 

ia radiation from the lead 

Additional broad 
ppear near 500 key 


irregu- 
annihila- 
700 kev. 


ition) and near 
result from bac 
cattering by the 
radiation emitted 

lue to 


electric \ 


the energy 


s Compton 


, No. 6 - June, 1953 


a major new 


Van de Graatt 


REGISTERED U.S, PATENT OFFICE 


installation 





for precision research 
... Operating at one to six million volts 


has now been completed at the 
Nuclear Physics Labora- 
tory of the William M 


Institute, Houston. Texas 


new 


Rice 


This installation is the 32nd of 
the Van de Graaff accelerators 
designed and constructed by 
Hich VoLtTace ENGINEERING 
CORPORATION and being used 
throughout the world for pre- 


cision nuclear research, radio 


biology, sterilization, cancer 


therapy, and radiography. 


Type C, Model H, 5.5-MeV Van de Graaff 
positive-ion accelerator 
1 to 6 million volts 
L000 pa total. 
+1 part in 1000, 


Operating range ....:: 
lon Beam ; 
90 pa analyzed ions. stable to within 





Standard equipments are also 


available with operating rat- 


from 05 to 2.0 MeV. 


Specialized designs can be 


ings 


furnished to meet your partic: 
ular requirements. Our ex- 
perience in applied radiation 
energy is at your disposal in 


planning your research 


Your 
Van de Graaff equipment will 
fully 


pro- 


gram questions about 


be answered and 


promptly. 


Photo courtesy Pierce and Pierce, Architects 


HiGu VoLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD CAMBRIDGE 36, MASSACHUSETTS 


Want more information? Use post card on last page 





LET TERS — 


Atomic Industrial Forum 


the May issue of V UCLEONICS 

if) fhe formation of the Atomu 

trial For aw Tn was reports d 

ame issue, i was pointed out in 
editorial (p. 9) that AEC clearance 
eemed to he an unde sirable criterion jor 
members ip The action re porte d helou 


this objection | ditor 


With respect to the by-laws 
asses of membership problem, 

know the original purpose of 

the membership into classes 

~ to insure that the controlling group 
the Forum would be made up of 
sponsible individuals who, because 
active participation in atomic mat- 
vould be knowledgable in atomic 
After considerable discussion 

med to the Board of Directors 
this objective could be better 
ved if aceess to restricted data 
were not made the eriterion for 


PIEZOTRONICS MADE THESE POSSIBLE classification 


In the bv-laws is adopted this 
What can it do for you? week, accordingly, provision is made 
for three classes of members \lembers, 


Modern piezo-electric materials performing the generating function Associate Members and Organization 


have improved microphones, instruments and submarine detectors 
alike. Here the piezotronic elements generate electrical signals in 
response to varying pressures. Other products make use of the motor 
function, or the electric-storage, the optical, the electro-optical, the 
condenser or the impedance functions. 


\lembers. Only individuals who are 
citizens of the United States are eligible 
to be Members or Associate Members 
\loreover, in order to become a Mem- 
ber, an individual must, in the judg- 
ment of the Committee on Membership 
So that you can easily experiment with piezo-electric materials, in or the Board of Directors. have been 
conjunction with your product development programs, Brush has or currently be, engaged to a substantial 
prepared an “idea kit’’ of piezo-electric elements. This kit is avail- degree in activities related to atomic 
able at nominal cost. PR Associate Members. on the 


Send your check with the coupon today for the kit of sample piezo- ther hand, need not have been en 


electric elements. Or write for the new free brochure and technical 
bulletin. Find out how piezotronics can help develop new products 
for you or improve your present products. 


to a substantial degree in such 


ities and may, indeed, be persons 

xpect to be engaged in them 
huture 

ol members 

ization Members, is to be made 


BRUSH ELECTRONICS | COMPANY pp of corporations, associations, part- 


f hip ind trusts w cl nve been 


nerl 


INDUSTRIAL AND RESEARCH INSTRUMEDR The Brush Development or on eurrent may , mably 
PIEZO-ELECTRIC MATERIAL . A T EV Brush Electronics , 
MAGNET 


pect to be, enguged : ivities 
We believe ation of 
the 


BRUSH ELECTRONICS COMPANY, DEPT. TT-6 nu Sol 1 and workable one 
3405 Perkins Avenue, Cleveland 14, Ohio 
Please send me the following 
KIT of sample piezo-electric elements i {fair f orum is in the 
Enclosed is check for $9.95 ? 
PIEZOTRONICS Brochure (free copy) ! i. ‘! 1, responsible nei 
ae PIEZOTRONICS Technical Data (free copy) - wi - a sympathetic 


Name 


ictive conduet 


Sample y problems 
ompany 

Title WALKER CISLER 
Address ] ] ” ] ul | m, Ine 

City | wth Ss \ ) \ York 


June, 1953 - NUCLEONICS 





From a Single Dependable Source — A Complete Line of 


X-RAY ACCESSORIES and PROTECTION [aun 
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NEWS 


AEC Budget for Fiscal 1954 Cut by $480-million; 
Will Not Support Pilot Plants for Reactor Power Stations 


The original budget for the Atomic Energy Commission for fiscal 1954 


prepared by the Truman 


$480 million by President Eisenhower’s budget makers 


cut have not been made a 


on nonmilitary reactors, including pro 


posed pilot) plants for generation of 
power, have been eliminated from the 
budget 

budget called for 


Ah 


$1.6-billion im ne 


The orginal 
a total of 


appropriations 


about 
The enew 

carryover funds and reappropriation of 
Con 


funds, piu 


money previously advanced bh 


would have permitted total ex 


Kress, 
penditures of $2.7-billion The new 
cuts 
about $1.2-billion 
about $2.3-billion 

AEC had been expected to ask for 


funds this vear to start construction of 


budget new 


anc 


one or more small nonmilitary reactors 
of tvpes believed suitable for electric 
power production. Industry groups 
interested in nuclear power had hoped 
that one or more of these test plants 
would help establish the feasibility of 
power reactor designs. If such plants 
are to be started at all this vear, they 
probably will have to be finaneed with 
private funds 
According to Rep. W 
(ih. A. %,); 


Congresstonal 


Sterling Cole 

Joint 
Atomic 
Energy, the budget cut will not require 
a halt in’ the 
Portsmouth, Ohio, uranium extraction 


chairman of the 


Committee on 
construction ot the 


plant or any other expansion of AEC 


production facilities Cuts in the ex 


pansion program will be minor, most 


of the trimming will be on less essen 
tial expenditures 

Also eliminated were funds for actual 
construction of propulsion reactors for 
aireraft and for an. airera irries 
These reactors, however, W ot vet 
ready for final construction search 


contracts have already 
both these projects, ane 
continued 
Contracts for nuclear pow 
were not affects 


Also 


scheduled funds the amoun 


IA rines 


budget cuts untous 


and will remain so for 


of nuclear weapons 


86 


administration, 


appropriations to 


spending to 


has been slashed by about 


vallable, but it is understood that all new starts 


Dual-Purpose Reactor 
Being Built in Great Britain 


Work has started in England on the 


construction of a reactor 
both plutonium and power in Cumber- 
Sellafield 


land across the from 


where the 


rive! 
sritish plutonium produc- 
tion reactors are situated 

It is not expected that the 
that is 


new 


breeder will produce power 
che ip by comparison with conventional 
The British 


is an Opportunity to increase the total 


facilities view the reactor 
power available in the country as well 
is the plutonium production capacity 
and hope to have it in operation in 
about three years 

It is said that the reactor 
orthodox uranium reactor with a pres- 
which a heat- 
flow. The 
medium 

There 
ire no natural supplies of helium in 
Great Britain 
with 


will be an 


surized core through 


exchange medium will 


nature of the heat-exchange 
has not vet been determined 
and experiments are 


being done heavier gases and 
liquid metals 

No statement has been made on the 
capacity of the new reactor, but it is 
believed that the plant will generate 
ibout 50,000 kw of electricit 

There are as vet no breeder reactors 


in | ngland \ 


model is nearing completion at 


expel imental 
Har- 


still in 


small 


well, and a large pilot model ts 


the design stage 


12 More Companies Join 
Power-Reactor Study Group 


1 , 
Cwelve more companies have jomed 


feasibility studs prog for powel 
being conducted b) the Dow 
and the Detroit Hd 


ment 


on 


Details of the 


to produce 


iposite of indus- 
if companies 
rch and develop- 
do by ARC in 

1952 
Pheinvestig 
Detroit are 


posed by Dow- 
ARC's own 


and 


itions pre 


In Keeping W it} 


power reactor program will in- 


tensil\ ie rovement of reactors 
\luch of the 


estimated 


the lines selected 
ork bv the 


it bout 


two ¢ Hpunies 


Sl-million in direct costs for 


the 1953 calendar vear, will be carried 


out in their own laboratories 
The associated companies will pro- 
ide security-cleared personnel quali- 
fied to help on the Dow-Detroit work 
will assign one or more 


Keach COMPA 


men on an essentially full-time basis 
and these men will function as regular 
Detroit 


To add management experl- 


employees ol either Dow or 
Madison 
ence to the project, a limited number 
of executives will get security clearance. 

The new companies associated with 
the project are Consolidated Gas Elee- 
trie Light and Power Co. of Baltimore 
Hartford Electric Light Co 
Mohawk Power Potomac Elec- 
Gias «& 

Allis- 
Aviation 


Niagara 
Corp 
tric Power Co Rochester 


Klectrie Corp., Southern Co 
Chalmers Mfg. Co 
Ford Motor Co 
neers & Constructors Ine 
Cit Kleetrie Co., and Gibbs 


In 


sendix 

United Engi- 
Atlantic 
& Cox 


( orp 


Thermonuclear Reactions 
Studied at Livermore Lab 


Work on 
underwa at the 


reactions 
Atomic 


laboratory at 


thermonuclear 
is been 
. Commission s 
Live 
This work, 
of kkdward Teller, 
ofa thermonuclear device 
last No 
AEC h 


thr purpose of the ] 


rmore, California, tor some time 
which is under the direction 
led to the detonation 
it eniwetok 
ember 

is never released mntormation 
vermore labo- 
made 
When 
ration given 


both 


but these 

in article in Fortune 
ned about the inf 
ticle, AEC officials: in 


refused 


luets were 


hngton : 


mi or ¢ 
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be i* 4), \\bhs re 
, ive . 


PRIMARY MILL, followed by continuous finishing mill, rolls uranium into bars for further 


fabrication into reactor slugs 


Ohio Feed Materials Plant 
Nearing Completion 
The Feed 


under construction at Fernald 
lor the 


Materials Production 
Atomic Energy Commis- 
is nearing completion, and some 
ms of the plant are already in 
on The 


im feed materials is an integral part 


manudlacture of ura- 
f the process chain leading to the pro- 
iction of fissionable materials 

ALP Is a completely integrated 
function is to 


series of plants whose 


ert raw uranium ore into highly 
ure Uranium metal in various shapes 


} 


process is so designed as to reclaim 
ily all of the uranium contained 
res, and also a substantial por- 

f the chemicals used in the various 
< steps 
ng the 


intermediate products 


doin the process are “orange 
ie) green salt” (UF, ina 
ots, rods The 


ve shows the interior of one 


and slugs 


os of the which 


y plant 
marv Birdsboro mill which 
continuous finishing 
iranium into bars tor 
cation into slugs for 
ATP ¢ vhich is 
New York 


st HnnouUNneed 


under the 


per 
tie Construction 
( }? idely has the arehiteect 
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Breeding Successful 


The first experimental veri- 
fication of the breeding princi- 
ple was announced on June 4 
by Gordon Dean, chairman of 
the Atomic Energy Commission. 
The work was done with the 
Argonne National Laboratory's 
Experimental Breeder Reactor 
at the National Reactor Testing 
Station, Arco, Idaho. 

In making the announcement, 
Dean said, “The reactor is oper- 
ating in such a way that it is 
burning up U**’ and, in the proc- 
ess, itis changing non-fissionable 
uranium into fissionable pluto- 


nium at a rate that is at least 


As 


i 
~w 
: > 


equal to the rate at which the 

U**’ is being consumed."’ 
Further details will be pub- 

lished in the July NUCLEONICS 


7. Sern. 











contract: George A. Fuller 
York City, has the construc- 
and National Lead Co., 
Ohio, has the operating contract 

Of the total 
PAIS 


$30.4-million for 


enginee! 
Co... New 


tion contract 


Albert L. Baker Dies; 
Directed Vitro Corp. 


Albert L. Baker 
board of Vitro 


credited with a major role in the engi 


chairman of the 


S7S-million estimated Corporation, and 


cost ot Catalvtic will expend 
neer designing and building of the Oak 

died 
Baker 


was one of the original board members 
Atomu 


about architectural 


tidge diffusion 


last monthat the age of 55 Nir 


work and for 

About $47- 

million will be spent by Fuller for con- 

Acquisition of the 
SHOO 000 


and engineering Kuseous plants 


process 
equipment procurement 


struction work of the newly formed Industrial 


1.050-nere site cost Forum, Tne 


North American Aviation Ready to Build Pilot Plant 


for Reactor Power Station; Looking for Customers 

North 
and is ready to build a pilot plant for a nuclear powered electric gener- 
the 


Knergy Commission, and the Company is HOW seeking private industrial 


American Aviation, Ine., has announced that it has designed 


ating station The design was done under contract with Atomic 


firms, or a government-industry combi 
experience with pilot plants ts 
that that in BO 


plant is SIO- only 


nation, that will be interested in having so grent 


such a pilot plant built he expects vears the 


istimated eost of the plants built be powered by 


million The company stands ready to nuclear reactors 


The pilot plant whieh would gener 


nm engineering Immedi- 
that it 


the plant in tu operat 


begin constructr 


ind expects could have ate S000 kw of electrical power would 


on in 2 vears he powered by «a yray te-moderated 


iuneey Starr, direc- liquid metal-cooled hermal renetor 


< atomic energy The reactor woul designed for 


pilot _ but could b Con erted to 


that 


plant 


power onl 
dual purpose use tine 
The fuel for 


natural 


would 
eost of elee- 


ntions plants. ural 


that the prom- uranium, Or 


costs by gaining | fuel, the 





with thorium and a 
[23 The | 
by the 
thorium 


fuel 

capture of net 
It might be 

add booster charges of | 


during the operation of the 


Bill Introduced 
to Amend McMahon Act 


Aton 
promote 


Major revision of the 
Act of 1946) to 
development of nuclear power | 
bill (HER 
duced in Congress by Rep. Jas 
Van Zandt (R., Penna in 


the Joint Congressional Cor 


1687 


proposed mon 


Atonue Energy 
The bill, said to re present 
the 


of others on Jomt ¢ 


goes along with proposals of 

nergy Commission to pern 

ownership of fissionable mater 
reactors, a government 
supplies of fissionable 
owners of private powe 
relaxation of present 
outright patents for 
Van Zandt 


some revisions that do not 


addition, 


AEC’s recommendation 
Most 
demand that 


significant = probal 
AEC be 


selling electric power except where it 


forbidder 
a byproduct of production of fissionable 
Thus, Ah legall it 
could harness the heat produced 
River 
plants to produce electricity in con 
But the 
Commission would be hard-pressed to 
find 
reactor primarily to produce power 
This 


construction of additional experimental 


materials. 
least 


in the Hanford and Savannah 


junction with plutonium 


building tt large eanie 


ways of 


would not bar Government 
reactors like the Experimental Breeder 
in Idaho or the Homogeneous Renetor 


at Oak Ah 


power output for its own operations 


Ridge, il ibsorbed any 
Another significant proposal by \ 
Zandt is that AKC be 


assist frendly foreign gove 


permitted 
rnments 
exchanging additional inform 


nuclear power. This would 


large-scale revision of present security 
restrictions on interchange of data with 
foreign countries 

Van Zandt has considerabl 


other 


upport 
among members of the Joi 
Committee for his proposed res 
on Government sales of nuclear 
He | 


sledding, howe, 
with broaden the 


faces tougher 


any attempt to 
present interchange of information with 
other countries. 


He 
88 


isn’t expected, however 


‘ry point in his bill 


Ap- 


mrentiy his pring Ipal objective wis to 


Joint 


concrete 


which it 


e the Committee 


commendations out of 

amend- 

ent of the McMahon Act us quickly 
sible 

Here's mat Van 


(LEONICS 


id begin hammering out an 


Zandt told Nu- 
about his proposals 
This is 


nimum bill, designed first to 


what might be called a 
LiiOw 

ite enterprise to own, Oo! hold on 
ong-term lease, the material to run 
itomic powel plants; second, to author- 
AEC to regulate those plants; 


atomic TVA by 


ze the 


d, to prevent an 


ALC from sel 


1 conjunction with 


Ohibiting the 


Ing power 


‘xCeDt us produced | 


iufacture ol materials 


weapons 


fourth, to allow patents on privately 


finance 
fifth, to allow the United States to give 


assistance to friendly 


nonweapon developments; and 


foreign govern- 
ments in building atomi power plants 
whenever it isin the interest of national 
securit to do so 

introducing 
before the ( On- 


Hisiinh Purpose hh 
was to place 
ind the Joint Committee on 


energy the principal elements 


problem ( cle elopment ol 


We! 


Atomic Energy Commission Announces Power Policy 


and Details of Revised Atomic Energy Act 


Because it feels that 


nuclear power can be obtained within a few years,” 


(‘ommiussion has decided that ‘‘now 
por \ 
Mav 26, the 


details of its 


itional objective 
ALC revealed the 
i ted poli \ 


On 
long 
statement and a pro- 
energy act In so 
that q 8 a 


' , ' 
the devel 


posed new atom 


ung, Al 


tion, we 


cautioned 
should not delay 
nent of this great potential source of 
for constructive purposes until 

to attempt its 
short 


reumstances force us 


practical realization on. a time 
ile 

At the same time that the AEC re 

Rep 
» ¢ I rman 


Atom 


hearings 


ommendations were made publi 
W. Sterling Cole (R., N.Y 

he Jomt Committee on 
linerg stated that 
on atomic energy legislation were set to 


tart on 


public 


about June 15 and to run for 

vo week 

the AKC 

ment and AC's proposed new law 
1. We the 


economically competitive nuclear powet 


Below are poliey state 


beleve attainment ol 


i goal of national Importance 

or technology has progressed to 

int where realization of this goal 
the 


future if the nation continues to sup 


em ichievable = in | 


foreseeable 


wt a strong development effort. It 
uuld be a major setback to the 
this 


posi- 


country in the world to 
its present leadership in nuclear 
ower development to pass out of its 


hand 


Z, According! we recognize It us 4 
the 


continue research and development in 


responsibility of (Commission to 


this field and to promote the construc 


ti of experimental reactors) which 


“there is considerable 


designed to recognize the deve lopment ol 


optimism that economie 
the Atomic Energy 
the time to announce a positive 
economic power as a 


to contribute substantiall to 


and constitute 


ontributions to the 


ver reactor art 
design ol 
units 

it is the cony 


iddition ition of 


Hhilliission 


that progress toward 

ononue nuclear power can be furthet 
uivanced through participation in the 
qualified 


the 


development program ith 


and interested groups outside 
Commission 


4, We recognize the 


neentiy 


need for 


renson- 


ible es to encourage wide 


participation in power reactor deve op 


propose the following me 


nent, ana | 


to attain this end 


Interim legislation to 


hip and operation of nuel 


facilities b other than 


groups 
OMISSION, 


] 


Interim levislat on to permit 


sale oof fissionable material 


under safeguards idequate to 


national security 
Interim legi 
wel 
ina by 


fissionable product 


not purchased by the Com 
subject to regulation by the 
sion In the interest of securit 
le satety. 


\rhe 


ind development work in Com 


mance ol such re 


perfor 


laboratories, rele int tospecihy 


projects is the Commissiol 


warranted in_ the national 


More liberal rights than 


patent 
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© NCA RADIOACTIVE LABORATORY INSTRUMENTATION © 


NCA SCALERS - REGULATED HIGH 
Their Outstanding Features VOLTAGE SUPPLIES 
For replacing high voltage batteries 


Uses only the low voltage batteries al- 
ness, eliminating the need for more than one ready in most survey instruments. 


scaler in many laboratories. HV1, HV2: Used for providing positive 
2. Greater accuracy and reproducibility of (HV1) or negative (HV2) high volt- 
high voltage selection; high voltage for age to geiger tubes, proportional count- 
geiger tube is read directly on unique NCA ers, ionization chambers, scinullation 
high voltage selector switch. High voltage counters or other low current devices. 


contunuously variable om 300 to 2500 
idings reproducible to * 3 voles vies ee oe OUTPUT VOLTAGES 
HV-1: Regulated from 900 to 1035 V_ positive or 
continuously variable from 300-1600 V 
HV-2: Same as HV-1, burt negative 
Power: 2 — 67.5 v B batteries and 1-- 1.5 v A battery. 
Battery drain: B+ less than 1 ma. Filament 50 ma 
Max. regulated load: 20 microamperes 
inconditionally guaranteed for one year. Each instru. Connections: 6 leads protruding from can 
00 hour continuous test betore shipment Dimen.: 2” x 2” x 4”. Weight: 11 ozs 


1. Easily moved from one location to an 
other because of lightweight and compact 


lamage geiyer tube by high voltage overshoot as tube or 
ire only results in high voltage output drop 


ing units and high voltage supply mounted on easily 


in units 


cabinet, vertically mounted chassis and plug-in units 
nts unusually accessible 





New Portable 
FAST NEUTRON 
SURVEY METER 


A compact, lightweight battery operated meter that 
measures neutron intensiues in the megavolt energy 


range. Has scale ranges of 0-200 and 0-2000 counts 


NCA GEIGER TUBES sec. Employs a zinc sulphide plastic scintillator and 


bes have gained wide recognition phoromuluplier tube pow ered by the compact NCA 
high quality. They are unsur- 
iracy, efficiency and life 
fetect cosmic, gamma and X 
Thin window tubes also detect 

{ beta radiation. Types of tubes 
mple counters, survey tubes 
ray tubes with variations of 
ind preflush, geiger and pro- 


HV1 high voltage supply 











low gas, windowless counters 

with halogen or organi 

ich. Special tubes can be supplied to 

your specifications. For complete details 
consult charts in NCA catalog 


LEAD SHIELDS 
LS 3 lead), LS 5 (114%4" )—Vertical 
shields for sample counting with mica 
window tubes. LS 4 (11/” )—Horizontal 
shield for sample counting with sausage 
LS 6 (1”) — Vertical shields 
nple counting with Mart- 


ne 1 beakers 


SAMPLE PLANCHETS 


Cupped aluminum and _ stainless steel 


NCA SURVEY METERS 
SPECIFICATIONS: 


The most versatile survey meter in the nuclear field 

Any of the following probes can be used with this 

instrument; Beta, Gamma and Alpha, Beta, Gamma 

end window geiger tubes — scintillation counters, pro 

poruonal alpha counters, neutron counters, bismuth 

counrers, etc. 

Meter: 21/." with mr/hr, CPM and high voltage scales 

Ranges: (0.5, 5.0, 50 mr/hr and 500, 5000, 50,000 CPM 
full scale 

Controls: Selector switch: chooses H.V. check or 1 of 
3 scale ranges. Also turns instrument off. On models 


RM2A-B--HV variable control varies H.V. trom 
400-1600 v 


hets; copper and stainless steel discs 


( 
497 UNION ST. ° BROOKLYN 31, NEW YORK 


Vol. vs, No. 6 - June, 1953 Want more information Use post card on last page 8&9 


Further details on above and many other items, write for Catalog # 53-1N 





NucLeonic CompPaANyY OF AmerIcA 





Telephone MAin 4-1604 ° 





ntiv granted to outside Section 


eem appropriate to the ¢ runsters Pr source tmnis 


nd consistent with ex ny Inimission s authorit Inder Section 


rm H , : i ; oO requisition ft Cities Capa 
Le } 1) Consideration of rovress ) rod v Ss } te 4 | 
: | } 1 | 1 Ing fissionable material and 
‘ t id 


usted code tor satety ( \ ston ry) Ul il¢ y requirements of Sec- 


requirements as mis 4] , on With respect to the transter 


rence | producing fissionable 


authorities 
sume increasing 


Lots of people think of the for safet ispects of reactor pein ition : ; 
future in terms of next month incial re sponsibility ans stad with Nature of Legislation 


or next year. And when it reactor operation will be assigned to the 
comes to atomic energy the ow rs n keeping with normal! indus- » Coma 
beneficial uses of atomic . practice , 

energy for ypenerating power fl ving full recognition to the Prov 


they're apt to think of the wuthorit 


portance of reactor technology to our : ; 
future as five, perhaps fifteen, consideres 


onal securit t progressively libet 


: : the present 
years ahead, ized information poliey in 
resul 


| 
For us at WALTER KIDDI for held as inereasing lla, lesit consider other 
NUCLEAR LABORATORIES. the ! sa = ee 
future is something to work ° ie objective of this po \ t] ( 
. ( tiny i¢ 


OMISSION s 
for today. It will belong to ! development of nucle: Fed nd Stat 
t ; “CTH itit , ite 


hose who work for it—nott } Ir which sare CONOME nde : 
thiese rue ‘ 0 i eCCONOMICAT nee respect to the satet 
those who wait for it. 1) pene f government commitments f 

: ) powel reactors and thre 


Specifically, we believe that eapons-grade pluton products, (b) the extent to which 
commercial atomic power ‘w the next few he Government should control private 

competitive with ri) | ‘i development looking toward r processing and sale of uranium 
conventionally-generated ization of practical nucleas we for use in power reactors, (e) the 
power is closer than most ; taint On this basis, we conclude . for 


the time is not vet at hand for the 


hieensing control over the 


people realize Atomic power domestic sale of important component 


rt called for in Section 7(b) of the 


is a present-day reality. 
Trade | nergy Act of LO46. 


parts ol power reactors and the 


True enough, we haven't 


procedural aspects of the issuance or 


progressed to the jet refusal of licenses to applicants inter- 
propelled model, but we're ested in the construction and operation 


Form of Proposed Legislation 


certainly way ahead of the power reactors Additional legis- 
Stanley Steamer. 

The proposed legislation is lative questions will no doubt become 
The work we're doing in out nl fa separate act rather th: ipparent in the course of the develop 





Laboratories requires of individual amendments ment of atomie powel 


initiative and imagination, ections of the Atomic Energy 


coupled with sound Phe decision to recommend a separate Outline of Legislation 


professional training. ( based primarily on the \ 
We don’t expect to find : iL fa legislation proposal which ts provisions of the pro 


many people with these ' f reasonably self-explana 


qualifications, but we're nd which is concerned primar ariel ; ae 


always looking — hoping to ie guisect of atomic owe: mmission, the pt 


jf | 
welcome into our organization hould be noted, ] f 
buble 1) ioter iIOWeVel j ) r renetors 


men and women who, like + Godin 32 of the wronceed 


ourselves, believe the futur¢ 
ur ’ ition the provisions of the Atomu 


is today. 
ergy Act would remain 


Walter Kidde Nuclear Inong the important provisions of n ssionable mate 
Ol Eenerg) Act whicl wo , ced in connection wit! 


Laboratories, Inc. 
effect would be f the reactor or proces 





975 Stewart Avenue jonage provisions of Section 1 T (tom Knerg 
Garden City, Long Island | to unauthorized disclosures forbid the pl 


icted data, (b) the limitations of issionabl te 

l i 9 Lata ! l I i ( mate! 
Resear: h Der elopn ent 

, on lOupe ,e } ve of for nahle of producing 
Engineering tor the desiar nl tpon the exchange 1 in L pia producing 
nuclear power plants ar m with foreign countrie the ol issionable mater 
application of nuclear ition oon private mianula } ts t private production of 


technology to industria Wet pots d) the authority of abl material exce pt to 
problems OmMmIssion to assist on lependent i! connection 


development work by 
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SeCUrIt’ “aS pe ts 


Commission to 
smmitments for the 
wensees Of source 


other special materials 


elopment, cCon- 


mot power reactors 


does not require 
purchase ith\ 
produet materials 


NH the operat ol 


ensees 
| 
Paragriaplis discuss 


f the leg s!ation 


Antitrust Provisions 


Atom 
the 


present 
with 


ipplic ations © 


following 


license 

oO toste! 

restraint ol 
competition, or other 
» the entry of 

ve enterprises 
nission Is author 
refuse to Issue sucl 
lish such conditions 
the Com 
with the 


se results as 
litation 

rms determine 
report prompt 


] 


ih anv informa 


vit] respect to an 


material of 
to have 


ssionuble 
tppears 
proposed legislation 
roVision language 
contained in the 

1 Administrative 

gy to the disposal | 
ge surplus plants 


Hhilhiission before 


obtain the ew 


provision 


thre present ct 


tituting for the 


teria of Section 7 


stenev with the 


required « e)} 
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Change Meters Instantly! 


Cole Plug-In Meters 


meters in five 


control 


You can change or replace 
seconds in your prod 
panel. Eliminate down time 
Simply pull out one meter and push in the 
other. No special tools are required 
Only ECOLE-)Plug-In Meters give you this 
time and money-saving convenience, plus the 
following 
1. Availability in all ranges. You specify it 
we can supply it 
2. (-<COLE-Jengineering consultation serv 
ice. Our years of custom-building can aid 
in your meter problems 
. Two sizes to choose from: 3-inch and 
4-inch. The 3-inch is available in round 
or rectangular cases. The 4-inch 1s avail 
able in a rectangular case 
IN PRODUCTION LINE TEST STATIONS 
meters to accommodate changes in specifica 
tions without fuss or delay. Give your produc 
tion line a new flexibility. “Go and No-Go 
dials fairly shout to the inexperienced operator 


line or 
and dismantling 


won 


Change 


They eliminate guesswork and errors 

IN LABORATORY AND FIELD TEST UNITS 
Meters are the parts most frequently damaged 
in these installations. With Plug-In Meters, 
replacement takes practically zero ume 

IN CONTROL PANELS — Even the very finest 


meters may go wrong occasionally. Replace 


| 


‘© Make it Possible! 


ment in most cases requires a substantial shut 


down period and the services of an electrician 
and an assistant. With Plug-In Meters, replace 
ment time can be reduced to five seconds. And 
anyone can make the change 

To take advantage of this new convenience 
in metering, you need only install -COLE-} 
Receptacles in your present panel or control 
system. Then you can plug in ammeters or volt 
meters in any ranges required 

For 24 years (|COLE-) has manufactured a 
complete line ot highest quality custom-made 
testing devices. Besides their efficiency and 
(-COLE-) Plug-In Meters incor 
high accuracy and rugged 


convenience 
porate all of the 
construction of the finest meters 

(-COLE-) takes pride in its proved ability to 
deliver special-order high-quality instruments, 
whether of the plug-in type or not, with a 
speed that will surprise you. Years of custom 
manufacture have geared our plant to meet cus 
tomer specifications on short notice. All work, 
including dial marking, is done under one roof 


Fill in and mail the 
coupon for quick information 
on (-COLE-) Plug-In Meters. 


a O1 ©) 7 oie _ Gastrumerl{ lompany 


1320 SO. GRAND AVENUE 


LOS ANGELES 15, CALIF 


| 


Yes, | want more information on CCOCE- Plug-in Meters. 


NAME 
COMPANY 
STREET ADDRESS, OR BOX NUMBER 


CITY 
*PATENT PENDING 


Want more information? 


TITLE 


STATE 


Use post card on last page. 








Koneent 


DOUBLE-SEAL 
FITTINGS 





.. AGAINST 
COSTLY 
LINE 
LOSSES 


} 
) 

* 

24 


1 Patented full-floating seat, 
Teflon reinforced, insures posi- 
tive leak-proof operation. 


2 Heavy duty built for high 
pressure use. 

3 Parts reusable and inter- 
changeable for peak econ- 
omy. 

4 Stainless steel construction 
resists acids, corrosion. 


5 Complete line for tubes to 1” 
O. D., and for Schedule 5 5§ 
and 10 S pipe to %”. Other 
sizes to order. 


THE SPECIAL SCREW 


PRODUCTS CO. 
5445 Dunham Rd., Bedford, Ohio 


) SEND FOR 
| Wy Torels 


Descriptive litera- 
ture and perform- 
once data avoil- 
oble upon request 
Write today 





International Control 
The 


provisions relating to the international 
control of 


proposed legislation contains 


| 


atomic energy identical to 


those 


Atom 


national 


contained in 
Act. 


control 


Section S ot the 
Ienergy Should an inter- 
with 


property 


plan interlere 
the commercial 


olyt ol 


activities o1 
licensees, the Con 
Wish ut 


Will 


resumably that time to eon 
der legislation providing appropriate 
COoOmpen 


sation to any 


iffected, 


licensees who are 











92 Want more information? 


Licensing of Production 

The ‘ proposed 
it the pro 
Atomu 


legislation provides 


isions of Section 7 of 
Act 
the commercial 
shall 
or license 


legislation In 


energy Which relate 


not be appli 


eect 
wosed legislation repe ils Section 
and if 


such licenses tivities 


provision of Section 7 
ire in effect repealed ire (a) the 


hibition on the 


licensing of an 
the 
material b) the 


a 90-day 


produc tion ol 
require 
Waiting period ulter 


‘Ongress 


ion of a report to the ¢ 


r to the issuance of any license, and 


the requirement that licenses be 


ible at anv time by the ¢ 


Olli- 


! on Certain of the provisions Of 


Section 7 have, however, been incor 


porated in the new legislation 


Security Regulations 


tion 4 of the proposed legislation 


ides for Commission regulat 


ion ol 
censed activities to preve nt the loss or 
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* 
PRESENTS 2 NEW COUNTER TUBES... 


THE POPULAR IB85...5 TIMES STRONGER 
THE NEW 6306...A HIGH EFFICIENCY COMPANION 





Victoreen's time-tested, aluminum sheathed IB85 counter tube for 
detecting beta and gamma radiation has been redesigned for 
greater strength and durability The aluminum shell now has five 
times its former over-all strength It will also withstand three times as 
much point (finger) pressure. You can dent the tube shell as much 


as a quarter of an inch and still obtain satisfactory operation 


The IB85 tube has had wide acceptance because of high perform 
ance at lowest cost, matched uniformity from tube to tube and simple 
mounting structure. Now, with the new stronger shell, all of these 
outstanding features are combined to rank the IB85 as tops by those 
who know a quality product. Price: $7.50. 


Victoreen announces the type 6306, a new companion for the 
1B85 Victoreen engineers have developed this Bismuth-cathode 
counter tube having efficiency six times greater than standard 
counter tubes in 1)3), and twice as efficient on Radium. The 6306 has 
the same dimensions and electrical characteristics as the im 


proved IB85 
NOTE THESE ADVANTAGES... 


SMOOTH WALL for easier cleaning . . handling immer 


sion mounting 


UNIFORMITY for interchangeability without circuit adjustments 
y | 


parallel operation without decoupling 


LOW COST for multiple tube applications such as: cosmic re 
search aerial prospecting . hand and foot moni- 


tors laundry, area and process monitors 


The 6306 is in the low cost range too Price: $15.00 


WRITE FOR FACTUAL DATA SHEETS ON THESE AS WELL AS 
YOUR OTHER COMPONENT REQUIREMENTS 


The Victoreen Instrument Co. 


3800 PERKINS AVENUE CLEVELAND 14, OHIO 

















Koneentii 


DOUBLE-SEAL 
FITTINGS 


.. AGAINST 
COSTLY 
LINE 
\ LOSSES 


1 Patented full-floating seat, 
Teflon reinforced, insures posi- 
tive leak-proof operation. 


2 Heavy duty built for high 
pressure use. 


3 Parts reusable and inter- 
changeable for peak econ- 
omy. 

4 Stainless steel construction 
resists acids, corrosion. 


5 Complete line for tubes to 1” 
O. D., and for Schedule 55S 
and 10 S pipe to %”. Other 
sizes to order. 


THE SPECIAL SCREW 


PRODUCTS CO. 
5445 Dunham Rd., Bedford, Ohio 


| Pree: 
| Wy Tolels 


Descriptive litera- 
ture ond perform- 
once data avoil- 
able upon request 
Write today 
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Want more information? Use post card 
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THE POPULAR IB85...5 TIMES STRONGER 
THE NEW 6306... A HIGH EFFICIENCY COMPANION 
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Solenoid Valve 


solenoid valve operates wy 


four-way packle ppet-t 
intermittent duty, and uy 
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waiter Pour-wat 
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Tagged Compounds 


Tracerlab, 130 High St., 
Mass. 


rine-d-bitartrate ent no 


Boston 10, 
Carbon-l4 labeled d/-epinep! 


available with a specifi 
me millimole Alloxat 
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Survey Meter 

Radioactive Products, Inc., 443 W. 
Congress St., Detroit 26, Mich. 
model D-5 survey mete yvher 
models 1) 


eovers racdiatior 


the 
probes, 


with 


low-level alpha eontan 
mr/hr gamma radiation 


ment monitors flat anc 
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Automatic Switch Co., Orange, N. J. 


and cornell 


batte! 


holes 
metal plug-in 
over bottom stainless-s 
minimize contanunation 
fla hing light to indicate 


trument is in operation 


Square Root Planimeter 


Librascope, Inc., 1607 Flower 
Glendale 1, Calif. This 


nimeter is designed for 


o., 
square root 
flow-chart 


taiuzing Of <n. muniatur grap 
nel strip-chart recordet It pro 
for true quare root extraction 


itegration 


Without approximation 
ver the entire range of flow Potaliz 
is accommodated from leading to 
trailing edge of chart papel by 


he miott 


iealls 


i motor-driven Spro ket 


Mercury Recovery Unit 


Acme Protection Equipment Co. 
W. Lake St., Chicago 12, Ill. 
\le \ it il 


inister for mereury vapor 


combination 


! Veaicultlm cleaner 
The unit rhe 
mer indients 


must 


Vv; stainless steel and 
i enameled canister parts: and 


{ resistant dust filter P 5 


Sample Spinner 

Nuclear Instrument & Chemical Corp., 

229 W. Erie St., Chicago 7, Ill. The 
el PM-1 sample spinner has a con- 


Valve Combinations 


The Special Screw Products Co., 5445 
Dunham Rd., Bedford, Ohio. Powel! 
\lone i ilt i i 
i flare 


ad-tube con 


Sealed, Self-Shielded Relay 


Weston Electrical Instrument Corp., 


591 Frelinghuysen Ave., Newark 5, 
N. J. Phe mode 423 m ! ! 


etic-con- 
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Roentgen Meters 

Landsverk Electrometer Co., 500 W. 

Garfield Ave., Glendale 4, Calif. 

I} et three roentgen meters, in 
102 and L-103 


X-Ray Image Amplifier 

North American Philips Co., Inc., 750 
S. Fulton Ave., Mount Vernon, N. Y. 
The X Image sampiuhier 1 to 


SOW) satay 
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RADIATION SURVEY METERS 


New 
CUTIE 
PIE 


A self-contained battery-operated 
air ionization chamber instrument 
for use in probing for beta and 
gamma radiation. Provided with 
shield for rejecting beta particles. 


EASY TO DECONTAMINATE. Highly polished formed 
aluminum case and especially cast low-porosity handle. 


MOISTURE-PROOF. I-piece gasketed case. 
SIMPLE TO OPERATE. Only 2 controls. Easily read 3” meter. 
3 SENSITIVITY RANGES. 50, 500, and 5000 MR/HR. 


IMPROVED BATTERY PACK. Only half as many batteries as in 
previous models, resulting in trouble-free operation. 


Improved 


JUNO 


Models SRJ-3 and HRJ-3 


A portable, lightweight, bat- 
tery-operated instrument, 
which measures the intensity 
of, and distinguishes between 
alpha, beta, and gamma 
radiation. 


@ REDESIGNED CASE. Better design has eliminated many 
joints and pockets, providing easy decontamination. 
Major joints are gasketed to minimize moisture effects. 


STRONG ALUMINUM HANDLE. Durable handle is especially 
cast and highly polished for minimum porosity. 


FEWER BATTERIES. Improved battery pack requires less 
batteries and provides more reliable operation. 


3 RANGES IN EACH MODEL: SRJ-3 (standard range) 
50, 500, and 5000 MR/HR. HRJ-3 (high range): 
250, 2500, and 25000 MR/HR. 


Both instruments were developed for the Hanford Works 


WRITE FOR BULLETINS 


TECHNICAL ASSOCIATES 


Instruments for Nuclear Research 


140 West Providencia Avenue « Burbank, California 


d on last page 








PILOT CHEMICALS, INC. 


offers 
PLASTIC SCINTILLATORS 


Which have the following 
advantages: 


Largest pulse height 


currently available in 


plastics. 


Short decay time 


Low COST. 
a 


For Further Information 


Send for 
BULLETIN 532 


PILOT CHEMICALS, INC. 


47 Felton Street Waltham 54, Mass 
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LEAD GLASS WINDOWS 
IN STEEL WALLS 


fe =, —~ 
oe 0 8.0.9, . 
* 5,008 
0 mht ‘ 
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) / 


WIDE ANGLE 
OF VIEW 








Hi-D Lead Glass Windows 
crete walls are dry, and hence are 
completely dependable. Where the 
viewing problem is mainly wide- 
angle vision, Hi-D Glass is fully com 
petitive in price with zinc bromide 


im con- 


LARGER SIZES NOW AVAILABLE 








Send for circular 


PENBERTHY. 


INSTRUMENT CO. 


GS.3A 


at} 








6646 ADAMS &T SEATTLE 6. WASH 





Colif. The model 34 








Universal Microscope 


Opplem Co., Inc., 352 Fourth Ave., 
New York 10, N. Y. With the Z 


to 56 OOO 


Cpe 
on bot} t 
all be clone 


tire Pransmitted light 


muitaneous propection upto 2 


Analog-Digital Converter 


Consolidated Engineering Corp., 300 

N. Sierra Madre Villa, Pasadena 8, 

104 analog 

vital eonverter, together 

mass 
digits 

up to dO pre 


Ve tKS Tait 


1-150 or 12 


1) 


Temperature-Control Bath 
Service Metal Fabricators Co., 350 N. 
Foothill Rd., Beverly Hillis, Calif. ‘I 


ti eontre if 1) \¢ 


Organic Extraction Apparatus 
Scientific Glass Apparatus Co., Inc. 
Bloomfield, N. J. The Sehmall apy 
tu designed for extra 
ganic bases 
butomaty 
In con- 
nh nonaqueous 
ire eliminated and 
< obtained. Results 


vreement 


Regulated Power Supply 


Lawn Electronics Co., E. Freehold Rd., 
Freehold, N. J. Phi cule 


O30-A 
| -¢ 

fie 

itput 


tole a] tb to 00) 
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r negative terminal 
nit supplies up to 300 
setting Bias 

to 250) 

center- 

provides 6.3 


P-15 


Rectifier-D-C Source 


Magnatran, Inc., Kearny, N. J. 


| 1 ‘ Ire titer neo 


Plug-In Meters 
Cole Instrument Co., 1320 S. Grand 
Ave., Los Angeles 15, Calif. Thess 
elect meter re avatlabdle 
entibrations 
ire miter 
out and re 


P rd 
14 


High-lmpedance Delay Cable 


Columbia Technical Corp., 5 E. 57th 
St., New York 22, N. Y. The type 
HH-2000) ce thle, O4AOS in 
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ALL-CHEM... 

the ALL-TEFLON 

and STAINLESS STEEL 
PUMP 








— \\ == 


LW 


@ Tired of figuring pump requirements for 
each new problem. . . Searching for solutions 
among a myriad of makes and models 
Carrying a peck of replacement parts ? 


Standardize on Eco “‘All-Chem” Pumps—the 
universal pumps for lab., pilot plant and low 
volume chemical feed in production service 


The specs. are simple. Corrosion and contami 
nation-wise, they handle anything stainless 
steel will handle. 


They pump from 1 to 10 g.p.m. at pressures up 
to 70 p.s.i. They are positive displacement 
pumps with the highest suction lift over widest 
temperature and viscosity range 


Fluid delivery is non-deviating and non-foaming 


Adaptable to direct motor connection at 1750 
RPM—or any other power source 


Self-priming on non-volatile liquids 


Unequalled for safe handling of such hazardous 
liquids as nitric acid and hydrogen peroxide 


Widely used in nuclear, guided missiles and 
other classified government installations 


Write for Bulletin A-3. Sent on request 


PS 


ECO Engineering Company 
12 New York Ave - Newark 1 - NJ. 


ENGINEERING COMPANY 


99 
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The complete MA (military Standard) line of 
Hermetically-Sealed Power & Filament Transformers 


CHICAGO TRANSFORMER now Offers all 

units in the Military Standard (ms 

line, as established jointly by the 

three armed forces (Army Signal 

Corps, Navy Bureau of Ships, and 

Air Force) working through ASESA 

(Armed Services Electronic Standards 

Agency) and in cooperation with the 

transformer industry. The complete 

line is housed in CHICAGO'S one-piece 

drawn-steel cases. Outside case di 

mensions and mounting dimensions 5 

are within the tolerances of the Mili . . . 

tary Standard specification. Terminal ’ Oil Diffusion Pump 

igre ore tn — oe are also Central Scientific Co., 1700 Irving Park 
In accordance with the same specifi ° 2 . 

cation. Tests conducted inthe¢ a AGO ‘ / YS Rd., Chicago 13, Ul. Phe OD-2 
TRANSFORMER laboratories indicate ail unnipy | d 

that all units will meet the require 
ments of Grade 1, MIL-T-27 specifica 
tions for Class A operation. The Mili 
tary Standard line should find wide 
usage in military airborne, marine, 
and ground communication equip- 
ment, and particularly for research 
and development applications, pilot 
runs and pre-production models. 


ol 1) ti 
l t 


POWER TRANSFORMERS —INPUT REACTOR SYSTEMS (PRIMARY—105 115 125 V.—Frequency 54-66 cycles) : 


os . 7 smear pemtaenenaees 
CATALOG MIL-T-27 | HIGH VOLTAGE SECONDARY | o-C Vv | RECT. Fil | Fil. NO. 2 wr 


NUMBER | PART NO | A-C Volts D-C MA. | OUTPUT | Volts Amps.| Volts Amps 
oun + + ; oon r 
| 


PMS-70 MS-9 2¢ 2 2 F 3 3} 
PMS-70A | MS-90027 ? } 
PMS-150 | 90028 325-0-3 245 ( 
PMS-175 | 9 29 17 f 
PMS-250 | 5-9003 
PMS-350 | MS-90031 
PMS-550 mS-90032 | 
PMS. 800 | MS-9003¢ 3 ; | 64 


| 
| 
j 





4 4 


FILAMENT TRANSFORMERS (PRIMARY:—105 115 125 V.—Frequency 54-66 cycles) 


— 5 T 

CATALOG MIL-T-27 | SECONDARY INSULATION 
NUMBER PART NO | Volts Amps VOLTS RMS wT. LBS 
_ af + —- + ed 
FMS-23 MS-90016 
FMS Ms ? 
FMS MS-4 
FMS-51¢ MS.-9 . é 
FMS.62 MS-9 2 é y, aa ] 
he Phase Meter 
FMS-61( $-90022 3cT 10 2500 5 Advance Electronics Co., Box 394, 


ote a ; nt Bo Passaic, N. J. The type 404A 





FMS.-21 
ete! ( «il neal ition 





Free "New Equipment" Catalog 

You'll also want the f deta n CHICAGC 

New Equipment Line ymous “Sealed-in-Steel” Transformers 
Write for Free Catalog CT-153 today, or get it from your 


electromc parts distributo 


CHICAGO TRANSFORMER 


DIVISION OF ESSEX WIRE CORPORATION 
3501 ADDISON STREET, CHICAGO 18, ILL. 
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Power Frequency Amplifier 
Keithley Instruments, 3868 Carnegie 
Ave., Cleveland 15, Ohio. The model 
) ‘ Prequenc impiiher tests 
the sé 0 re of svnchros and 
y meter-current 
ipedance of the 
than 1o0 wa trom 
des 0.05 0.07 
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We-volt « 


to add 


Potentiometer Kit 
Co., Framingham Centre, 
Kit B, designed for experi 


Servotrol 
Mass Pot 
tal | ind ealeulating 


d 
e RVC2 


plates 


poten- 
clamp 
ina brochure 
dmev sine poten- 


potentiometers 
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Wide-Range Oscillator 


Hewlett-Packard Co., 395 Page Mill 


Rd., Palo Alto, Calif. 


ti iranve oft 5 el 
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... In nucleonics and radio chemistry 


This familiar emblem, the Ekco House-mark, has 

long been recognised as the symbol of a high degree of excellence 
in the manufacture of electronic and allied apparatus. Embracing 
many fields of contemporary development, it now identifies a wide 


range of advanced and specialised equipment for the nuclear scientist, 


EKGO 


electronics 


Scintillation Counters 


Scaling Units . Counting Ratemeters 
Radiation Monitors 

Vibrating Reed Electrometers 

Geiger Muller Tubes . Lead Shielding 
Linear Amplifiers . Power Units 
Complete Counting Installations 
Thickness Gauges 


U.S. Sales & Service 
AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 405 LEXINGTON AVE., 
NEW YORK 17, N.Y 


Canadian Sales & Service 


CANADIAN AVIATION ELECTRONICS, 8280 ST. LAWRENCE BLVD 
MONTREAL 14, QUEBEC 


Manufacturers: —€KCO ELECTRONICS LTD., SOUTHEND-ON-SEA, ESSEX, ENGLAND 
101 
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» HOO ke 


Avoid convenuonal 
rats mest wiring l¢ ide 
Mii of 


> > 
Possible to jump con of 600 ohms. and 2 
tacts because both 

sides are instantly Distortion is less 
accessible 





ntire Trequene 


siana saiiia idl impedance 
Critical voltages 
isolated by wide 
spacing 





Quartz Crystals 
James Knights Co., Sandwich, Ill. 


point of check where all leads are instantly accessible, identified (sold- or silver-plated quartz crystals 


Connectors are spread out in an orderly row, giving a central 
by number and color-coding | 


hermetically sealed in 6V6GT glass 





envelopes unre ba | tilable as models 


Arrange Alden Back 


» ° 
It’s as easy as this Connectors in or- ( 1 (.Q- ¢] 
G-93 and G-9: the we wire mountec 

derly row on back ; ONES 


Modern design no longer tolerates of YOUR CHASSIS, S ia The G-9) has a 
blind” connectors and congested rats ! ! ! a tin : 
nese wiring. Use Alden Back Connectors 
to convert any chassis to plug-in, with 
100° circuit accessibility. Its all done . - j ( tolerance of 0.036 
with STANDARD components no ce 

sign headaches, no waits, no procurement 


problems 


2-10 kiloeveles vitt 


i Trequene 


ALDEN BACK CONNECTORS © Say 10° to +70° ( 
: { | ) 
PATENTED If you require ofrom 1.000 to 200 
#4 . slide-in guides 
we furnish 
ALDEN SIDI 
RAIL, any length: also you Mount mating Alden 
can use ALDEN SERVE-A Back Connectors on 
UNIT LOCK which engages LOCK 
prepunched Back Frame to ! It's pre 
pull in and eject chassis punched and tapped 
to screw in the Back 
Connectors 


147 N. Main S$t., Brockton 64, Mass. , 
wes: SEND FOR FREE SAMPLES 


a Sage also request free “‘Alden 
Htoen Paooucts Co. hs A Handbook” 226 payes of tech- 
ee tized Plu -in uit ucvion, 


Wiel INTERNATIONAL 


PUMPING 
wa yy HIGH VACUUM 


oM 


PUMPS 


New Model 116 
16 CFM Free Air x de — i 
Capacity Cabinet Ovens 


SIMPLIFIED CONSTRUCTION cra lisiees aac: tats wR 
ROTARY VANE Lake St., Chicago 12, Ill. These ovens 
AUTOMATIC LUBRICATION are equipped with a high-prew 
HIGH EFFICIENCY rahe 

QUICK RECOVERY 

RUGGEDLY BUILT 


. . 

Speed production and reduce maintenance with these 
ready-to-operate, high efficiency vacuum pumps! 

: ial ania ee a CAPACITIES UP TO 30 CFM 
International rotary vane pumps are ex WRITE FOR LITERATURE TODAY 
tremely compact and operate unusually Inte 
quiet. Simplified construction and auto Fnation 
matic lubrication assure trouble-free op g 
eration, long life and low-cost upkeep. 
Pump mechanisms are totally oil sub ; : 
merged, preventing atmosphere to vac- Chemically-Inert Filter 


uum leakage. : : , 
8 3 New , Porous Plastic Filter Co., 30 Sea Cliff 
SPECIALIST MANUFACTURERS OF INDUSTRIAL Ave., Glen Cove, N.Y. These por- 


GLASS-WORKING MACHINERY AND HIGH VACUUM PUMPS FOR is Kel-] hiorot 
ELECTRONICS, NUCLEONICS AND RESEARCH FOR OVER A QUARTER CENTURY fact 1} \I 
rudiae ured ) 


}?} 
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inert to all 


oxidizing agents 


ivents They 


have ulti- 
tf YOO psi and 


of 1.S00 0 psi 


15 microns 


~ range downward trom 


per ft? of filter surface 


ntial pressure, and from 


water per ft? at 10 psi 


reSSUre Disks are avail 
oO 12-in 


n. thicknesses, P-26 


Unit Null Detector 


General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 
Phe type \ unit null detector 
t balanee ind 
requeney chat 
ibout bab trot 


| 


‘ immed tot 


“ 
wicator trom 20 
varithunse reintion 
Litas sansed dnipouat 
deflection of 


Time-Interval Meter 
Beckman Instruments, Inc., Berkeley 
Scientific Div., 2200 Wright 
Richmond, Calif. The model 


t ‘ ‘ ote 


Ave., 


9120 


ccurme 
Attenuntor 
stay 


‘ tion « terference Disp 
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diameter and 
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/ 
| HA 
/ FUME HOOD | 
! | 


TOMORROW'S 


\ 
\ 
\ 


New Kewaunee No. 3604 Provides 


Safe Handling of Radioactive and Toxic Materials 


Lower Heating-Ventilation Costs 


e Low air velocity requirement of only SO 
ft. per minute through face of hood, with 
a 24” sash opening, provides air discharge 
of 500 C.F.M. at hood. This is 14 
less velocity than conventional type hoods 


to '4 


require for safe operation, and effects 
large savings in heating and ventilation 
costs 

e Automatic bypass insures constant vol- 
ume of air removal from room. 

e Entire hood is stainless steel, ground and 
polished to satin finish for easy cleaning 
and decontamination. Hood exterior and 
cabinet work of cold rolled, Bonderized 
steel with baked enamel finish. 

e Working surface of 14 ga. stainless steel, 
supported by structural steel grating, allows 


use of lead bricks for shielding. Entire 


surface forms watertight, *,” pan to retain 


spillage. 5” diameter cupsink integrally 
welded to worktop 

e Service controls for blower, air, gas, 
water, vacuum and electric current (110¥ 
and 220v) located on exterior for remote 
control. 

e 14” thick safety glass sash is completely 
framed to protect against breakage 
counter-balanced for smooth, easy raising 
and lowering. 

e@ 84'4” overall height, with base units, 
accommodates low ceilings. Other dimen 
sions: length 6 ft.; width 38 in. (excluding 


valve handles). 


Write for descriptive literature and drawings 
on the new Kewaunee 3604 Fume Hood 


We also manufacture all types of Stainless Steel Equipment for Radioactive 
Laboratories. Laboratory Tables, Sinks, etc. for all types of Laboratories. 


Manufacturers of Wood and Metal 


Laboratory Equipment 


Representatives in principal cities 


n last page 


J. A. Campbell, President 
5083 S. Center Street © Adrian, Michigan 
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making research pay 


NDA, the senior independent nuclear en- 
gineering firm in the United States, has 
placed at the disposal of leading companies 
its experienced staff of engineers, physicists _—— - Cech haa 
and mathematicians. We at NDA have pro- Seas j f | i 
duced tangible and practical results for f 

our clients by employing advanced technical 
research and design in such fields as nu- 


2 BRAT. eeds betti rise 


120 wours 


TOTAL 
Hours Poo 


clear reactors and power plants, the uses 
of radioactivity, high speed digital com- 
puters, mineral resources, heat transfer and 
other high-performance engineering prob- 
lems. Major clients include the U. S. Atomic 
Energy Commission, The Babcock & Wilcox 
Company, Bell Telephone Laboratories, Inc 
Carbide & Carbon Chemicals Company, The 
Detroit Edison Company, The Dow Chemical 
Company, The International Nickel Company 
and Pratt & Whitney Aircraft. 


Elapsed-Time Indicator 
Marion Electrical Instrument Co., 
Manchester, N. H. The HAM2E1 


On request: ‘Collected Papers on Atomic Power for 
Civilian Use.” Write, on your company letterhead, to 
NDA, 80 Grand Street, White Plains, New York 


ns Tee OS CRE MRRRR is es cris iss Bats 


Nuclear Development Associates, Inc. 





Vacuum-Tight Tube Fittings 
Crawford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio.  Swagelok tube 


hittings provict ieuumi-tight mechani 


are required cal seal without the se of wold, er 


eurv or vacuum grease. With an oil 

SPECIFY arp ape 
‘ ed to ! ( Wr oni 

vrenc] > required nstallation 

tubing to 

hittings 


steel 


P-30 


e Proved Precision 
Accuracy 


e Meet Government 
Specifications 

e Corrosion Resistance 

e Fungus Resistance 

e Available in wide 


i oat ae 
WRITE FOR NEW — CONF Micrometer-Poise Balance 


TELESYN CG \ Ohaus Scale Corp., 1050 Commerce 
Ave., Union, N. J. The poise of tl 
I nee | ‘ »-5,000 
Division of the Sperry Corporation 
31-10 Thomson Avenue 
Long Island City 1, N.Y 
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rated in SQUARE PULSE GENERATORS 
for the 
MILLIMICROSECOND TO MICROSECOND RANGE 


~ 5.000 


aun Une 


Cloud and Pour Test Cabinets 
Precision Scientific Co., 3737 W. Cort- 
land St., Chicago 47, Ill. Two eal y 3 
nge of cloud and Model 100 Model 200 
For nuclear pulse work, radar, TV, wide band amplifiers and in the design, 
calibration, and servicing of fast electronic systems. 
NOW—New Square Pulse Generators with a rise time of one millimicrosecond (10°? 
seconds) and a pulse width which can be varied from one millimicrosecond to several 
microseconds is commercially cvailable. Positive and negative pulses of 100 volts maxi- 
mum amplitude are generated; the pulse amplitude can be varied from 100 volts to 
0.006 volts in 1 db steps. The output impedance is matched to the common impedance 
coaxial cables in use. 
MODEL 100—Single pulse output 
MODEL 200—Double pulse output— 
(each pulse may be individually 
attenuated and delayed) 
MODEL 300—Three or more pulse outputs 


ELECTRICAL AND PHYSICAL INSTRUMENT CORPORATION 
DESIGN, DEVELOPMENT AND MANUFACTURE 
ELECTRONIC AND ELECTRICAL DEVICES 


Sales and Business Office Engineering Division 
25 West 43rd Street 42-19 27th Street 
New York 36, N. Y. Long Island City 1, N.Y. 

Telephone: Longacre 4-2265 Telephone: Stillwell 4-6389 


New concept in photography 


Control Valve 


The Annin Co., 3500 Union Pacific Ave., 
Los Angeles 23, Calif. This control Set the Robot-Star just once, and 
Lee ; you're all set for as many as 24 
20 SMW and (or 48) exposures, made singly or 
limanual con in rapid-fire sequence, as fast as 
| 8 per second! Robot-Star automat 
ically moves film and resets shut 
ter after each exposure. Sur- 
passes human efficiency because 
of its built-in clock-work motor 
Remote contro! release and other 
‘ ito 0 accessories bring new camera { 
aon ' rave applications never before thought MG 
possible in science and industry 
as well as for personal use : 
Takes any standard film—color, 
too. Gets 50 more pictures Gets the 
with 55 exposures instead of 36 1 . ‘ 
per loading. Choice of Schneider - action every 
lenses, wide angle to telephoto > 
For new camera thrill t é j 
. Robot-Star—from $217.50 , time because 
Gamma-Ray Source Containers 
Solus-Schall Ltd., 18 22 New Caven- 
dish St., London WI, England. Thi 


et otope 


INTERCONTINENTAL MARKETING CORP. 
251 Fourth Avenue «© New York 10, N. Y. 
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OPTICAL SYSTEMS 
INDUSTRIAL 
PERISCOPES 
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DESIGN 
DEVELOPMENT 
MANUFACTURE 








J 


For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 


om _ 
KOLLMORGEN 


(Yotical CORPORATION 


Plant: 347 King Street + Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 
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hen ille the 
14 Ib er ahi ely \t 
from: the 
tuimer, the dose 
hr when loaded with 500 mg 
cobalt-60; the lead 
the dose 
iidium- 192 


The 
into u tunysten- 


block Of tungsten 


eigh 30 and 


| meter closed tungsten con- 


does not exceed 12.5 


radium 


S00 con 


Hie 


tuiner has same rate with 


. . Decontaminating Agent for 


20,000 me - . : 
"3 Radioactive Deposits 


source 

illo iw which 
crewed into the container: a 4 

| it 


ty 


fitted 
Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
Containe P34 be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surtaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 


handling rod removes the 
the conta 


nigh i ‘| 
two people to 


plug 
ine! \ rod passed 


om 


thre shaped handle enables 


*Trade Mark Registered , 
o aS 
/ 4 # A 
Chemisliys modi 
/ 
ptecide Chimicahd 


BERSWORTH CHEMICAL C0. 


é. . FRAMINGHAM, MASSACHUSETTS 











Mobile Oscillograph Table REGULATED 
Allen B. Du Mont Laboratories, Inc., 
Instrument Div., 1500 Main Ave., 
Clifton, N. J. The the type 
2602 table, for mounting 
! ipl . 


up to 


ELECTRONICALLY 


LABORATORY 
et R SUPPLIES 


top ( 
enthode-ra 
be tilted 

20 deg An ad) 
the oseille 
ng depths 


p’ ean 

zontal 
| 

HiOWs 


it il 


1) THCMSIONS WEE 


RACK MODEL 32 


e INPUT: 105 to 125 VAC, 


e > 
DEPENDABLE 50-60 cy 

= © OUTPUT #1: 200 to 325 
a gd VDC at 300 ma regulated 


PRICED 
, © OUTPUT #2: 6.3 Volts AC 
CT at 5A unregulated 


¢ OUTPUT #3: 6.3 Volts AC 
CT at 5A unregulated 


© RIPPLE OUTPUT: Less than 
10 millivolts rms 
For complete information write 
for Bulletin u-2 


LAMBDA ELECTRONICS 


oR: ' 
NEw vouk 


. 
STABLE 


STANDARD 
RACK 
MOUNTING 
PANEL SIZE 
1012” = 19” 
DEPTH 9” 
WEIGHT 38 LBS 


Liquid-Level Control 
Thermo Co., 1166 El 
Calif. This 


- based 


Instruments 


Camino Real, Belmont, 


electron 1qu d-level contre 


m the capacitive a tion ¢ quid Stull 


Cr O005 6 
CORONA 


umn-enamel-covered 


Control unit 


a porceelk 


and probe are 
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hat can be 1.000 ft 
ntrols tor liquid 
have screwdriver 
ea ae 
Ditferentia 
service, €.Z 
tandard unit 


(a 


mu 


Remote Temperature Recorder 
The Bristol Co., Waterbury 20, Conn. 
Pelemete { 





REGULATED HIGH VOLTAGE POWER SUPPLIES 


® Model PS-22 ® 
Volts D-¢ 


t by precision 


ulatec 


al Tha 


resistors 


Poo 
@ (hutput s 
@ Pos 
chassis, either 
© Output changes 


ind from 
bee 
ian UD 
7 1a, 
s thar 
eR pple 
rut 9 x 


with panel 


$195 to $215 
© Model PS-71 @ 


hee ®@ Chara 
Moc PS 
© = Standard 
\ i bl with 


$595 and $610 


THERMOCOUPLE GAUGE 
FOR VACUUM SYSTEMS 
® Model V-32 @ 

Uses RCA type 1946 ther ruple 


tule ®@ Measures OO to 1.0 mm 
Mercury © Meter i 
sure directly © Adapter 


SVStetmns 


r pl 
ivathable 
for metal 


$69°° plus $12°° for Thermocouple Tube 


SCIENTIFIC SPECIALTIES CORP. 


Dept. N-1, Snow and Union Streets, Boston 35, Mass 


@ for further 
information write 





Microtome 
Process & Instruments, 60 Greenpoint 
Ave., Brooklyn 22, N.Y.) The motor 
‘ ( p otome cuts see 
crons within 
specimen 
nd seetion 
nl 


with an 


= the section 
~ is obtamed 
eclination « 


| ) 


, 
> 


Analog-to-Digital Converter 
G. M. Giannini & Co., Inc., 117 E. 
Colorado St., N, Pasadena 1, 


Calif erte eate 


Box 
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SCOPE DOLLY 
Model 1 


Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


$35.00 £08 tovisvitie, ky. 


Formerly monufactured by UNIQUE DEVICES 
Now manvufectured and sold by 


TECHNICAL SERVICE CORPORATION 


3116 Michigan Drive Louisville 5, Kentucky 








N. WOOD COUNTER LABORATORY 


5491 Blackstone Ave., Chicago 15, Ill. 
FAirfax 4—1114 


Geiger Counters 
Bismuth Cathode 
Windowless Flow 
Neutron Counters 
Enriched BF 


————_— rr 


Scintillation Counters 
Crystal 
Well-Type 
Plastic, Liquid 
Cerenkov Counters 


= 
~...- 

















THE LO-C OSCILLOPROBE 


MODEL HF-3 


WHAT IT IS 


The LO-C OSCILLOPROBE is 1 : Seamless Metal Tubing 


a unique low capacity probe 





Superior Tube Co., Norristown, Pa. 
and wide-band amplifier com , “¢ s light-wall tubing 
bination having 1 5 the input 5 - 


capacity of the conventional hicknesses of 0.006-0.033 in. 


accessory probe. 





WHAT IT DOES © C Input 2 wit 
The LO-C OSCILLOPROBE © Z Input 5 Meg. °? 


transfers a signal from a circuit © 10 cps. to 10 Mcps 





under observation to any oscil war 
© .035 tts rise time 


© ZOut 60% INDUSTRY NOTES 


.25 Mv. Noise Level The Atomic Center for Instruments 
3 Stage amplifier & Equipment, Inc., 489 Fifth Ave., New 
York 17, N. Y., now 


For full details write to -( Scientific Instrume 


loscope without amplitude loss 


or waveform distortion 

















lve service In the Eas 


LINEAR EQUIPMENT LABORATORIES 


BRIGHTWATER PLACE, MASSAPEQUA, NEW YORK P Radioactive Products, Inc., 443 W. 


Congress, Detroit 26, Mich., offers en- 

‘ dation : mn radic 
> oures ( 
t me enn iM 


MODEL 230 } aa Renta ag enna 
AUTOMATIC FRACTION COLLECTOR 4 | re a oe ee 


BOTH TIME AND DROP COUNTING Fr — | Pasadena, Calif., has transferred its 


. to a new 20.000 
For accurate work in the field of column chromatography reas a 





rata ite 
® One outstanding feature is the phototube arrangement 
for drop counting. Drops from the column fall directly ice headquarters 


into the test tubes without touching anything. ‘There are manufacturing facilit 


-, 
— 
r 
é 


no imtermediate ela ims and tunnels to cause mix- 
ng, contamimation, evaporatiol et This is especially 
important when accurate parations are required and The Victoreen Instrument Co., 5806 
also whenever certain fraction ire labeled with radio Hough Ave., Cleveland 3, Ohio, 
active trace! j ippointed William W Manag 
nstru tad 


ie} 


Turntable, phototube housing, etc. are made of Stainless Stee 


Price complete for time and drop 
counting $795.00 





& Automatic Switch Co., 391 Lakeside 
Ave., Orange, N. J., is opening a fu 
ti it 923 E. Third St., I 


( I 





RESEARCH EQUIPMENT AND SERVICE | //TERATURE AVAILABLE 


6054 WOODLAWN AVE @ CHICAGO 37, ILLINOIS | Storage and maintenance equipment. 
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Larger Sizes Now Available 
sa D* LEAD GLASS WINDOWS 
e in steel, lead, and concrete walls. 


*Trademark 


PENBERTHY INSTRUMENT CO. 


8 Adams St Seattle 8, Wn 
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SEARCHLIGHT 
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(Classified Advertising) 
EMPLOYMENT . 
EQUIPMENT — USED OR 


OPPORTUNITIES 


UNDISPLAYED RATE 
a line. Minimum 3 lines. 
DISPLAYED RATE 
$15.00 per inch 
ADVER TISING INCH: i” 


imn, 3 columns 


BUSINESS 
RESALE 


on one col- 
-30 inches—to a page. 
NEW ADVERTISEMENTS 

A 42nd St. "New York 


closing June 26th 
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WANTED 
Manufacturers Representative 


( eal Lquipimne t 


i 








Vol 


WANTED 


To Manufacture and Sell 
NEW 
Electronic Accessory Items 


For— 


FACSIMILE * RADIO 
TELEPHONE + TELEVISION 


URGENT—We hove a special immedi- 
ate need of Facsimile Equipment for 
Intra-Office and Plant use. 


URGENT—To locate Doctors in Hospi- 
tals. Need miniature Selective Radio 
Signal Receiver to be carried in pocket 
— weight must be under 10 ounces 


WILL FURNISH CAPITAL 
IF NECESSARY TO COMPLETE 
DESIRABLE DEVELOPMENTS 


What have you to offer? 
Radio Engineering Co. 
Inquirer Bldg. Phila. 30, Pa. 


11, No. 6- June, 1953 
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Radiation instruments. Catalog lists 
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Radiation equipment. | 
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mw Tn 1020) Vi wor S/ 


Pa adena. Catit 


Sout! 


Signal converter. 


Gas analyzer. 
continuous-st! 

Liston-Becker 1) 
Hlope St... Stamfo 
Turbidity instruments. Bulletin 


describes rede T ind re 


Instrument Co., 96 S 
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Washingtor 
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Radiation detection equipment. Lu! 
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Mass spectrometer. 
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SINTILON BRAND 


SCINTILLATION PLASTIC 


EQUALS STILBENE IN 
PULSE HEIGHT & RESOLUTION 





ANTMBACENE 











SCRIMINATOR V 


Bias curve obtained 
ramma ray 
Comparision with anthi 
f same weieht 

COUNTING RATE 

PULSE HEIGHTS 

DECAY CONSTANT 
Clan be 
all sizes and shap 
durable 


tand Wal 


Mat 


ind | nly tras 


machines 


cient 


Wcttiudt Pete 


Dept. N.-6 
10 CRAWFORD STREET 
NEWARK 2, N. J. 





A copy of this quick-read 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
poper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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QUALITY plus 





RIDL MODEL 512 SCALER 


serene | 


This is the ONLY SCALER YOU NEED regardless of the type 
of counter you wish to use. 


This unit has been successfully used with all types of 
counters including Geiger, proportional, scintillation, and 
Bernstein-Ballentine gas and solid phase counters. 


© Self contained linear amplifies 
© 500 to 5000 volt continuously variable high voltage supply 
® Higginbotham scale of 512 


For complete information write for descriptive literature. 


RADIATION 


2337 W. 67th ST. Cable - RADILAB CHICAGO 36, ILL. 
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PRECISION ANALYSIS 
of Nuclear Particle Energy Spectra 
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Atomic’s Multiple Channel 
Differential Pulse Height Analyzer 

The Model 520 Differential Pulse Height Analyzer provides 
twenty channels for the simultaneous taking and recording of 
accurate data on the amplitude distribution of electrical signals. 
It can be used to divide a spectrum of 60 volts at the input of 
the Pulse Sorter into 120 channels, scanning 20 at a time. 

This instrument enables the nuclear physicist to take spectrum 
data on long lived isotopes in less time, and data on short lived 
isotopes with fewer decay corrections than would be required 
using a single channel analyzer. 





Although it is designed primarily to analyze the pulse height 
spectrum provided by nuclear particle detectors, it can be use- 








ful in the study of other phenomena where events can be ex 
pressed in terms of electrical pulses of random amplitudes and 
The Model 520 
adapted to gathering data on radar receiver signal studies. 
It also be 


response of detecting devices used in other studies. 


random time distribution. may readily be 


can 


used to study the statistical distribution of the 


0.5 


wide, covering a spectrum of 10 volts at the Pulse Sorter input. 


Channels [Twenty fixed adjacent channels, each vole 


All channels move as a group by setting the level of the bottom 
of the lowest channel at any value from 0 to 50 volts. 


Each channel output is fed to a other channels, ‘Total Count'’ ond 


16 which 
6-digit register, 


scale of in turn feeds a 
providing a visual in- 
dicaton of the number of pulses whose 
peaks lie within each channel. In addi- 


tion to the 20 channels there are two 


Atomic’s Single Channel Differential Pulse Height Analyzer. 


| 


The lower voltage level is settable, by helical potentiometer, 


from zero to 100 volts 


volfs a 
up to 


level o 


Model 510 Ana 
tri al } 
idred 


an a Sd 


! 
volts 


of the energy 


bove baseline) from zer 
approximately 


f the analyzer is variab 


channe 


1000 per second. The output pulse voltage 


lyzer is designed for studies of th 


ulses whos¢ um] litudes fall in the 


Combined with a suitable detecting 


ler, the Model 510 provides extreme flexil lity 


distribution of nuclear particles, 


Linear Amplifiers ... 


| width or ‘“‘window’"' is settable (as with ionization chambers, 


© to 7 volts. It accepts input pulses 


le from zero to 20 volts. 


contained power supply, provision for preamplifier 


scintillation, 


position band width switch. Dual attenuator, 


pulse amplitude discriminator. 


All 


registers reset electrically from a sin- 


“Surplus Count" 22 scalers and 


gle pushbutton. 


The Model 520 includes a precision 


pulse generator for calibration 


s 


. for use with Model 510 Analyzer or for use 


and proportional counters. 


Model 204B — rise time to 0.2 microseconds, gain to 15,000. Three- 


calibrated 
self- 
Model 204C — 


precision 


Low and high level outputs, 


similar to 204B, with separate input time constant and rise time 


controls. 
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Unusually versatile in use, nuclear’s “Roto- 
Matic’ Model C-110 Automatic Sample Changer 
is designed with simple mechanical operation for 
reliability and long operating life. This compact 
changer (14x 15") uses minimum bench space, 
yet carries up to 50 samples at one time. Any 
number up to 50 can be counted, the cycle 
repeated, or background count recorded. There 
is no time lost with blank positions. All samples 
are counted while fully shielded by 2” of lead. 


Model C-110 operates with any scaler because 
it incorporates eight preset count settings. It 
may also be controlled by a preset time or pre- 
set count scaler, or will provide preset time 


RADIOLABORATORY 


SAMPLE COUNTING 


operation with any scaler and a suitable timer. The 
associated printer provides a permanent record. 


Heart of the ‘‘Roto-Matic” sample changer is the 
simple three-position “Auto-load” turntable 
which selects a sample, places it in counting 
position within the shield, and loads it into the 
storage sample magazine when the count is 
completed. Both sample magazines are clear 
plastic so that progress can be easily observed. 
Expendable sample carriers and the chrome- 
plated turntable make decontamination easy 
if necessary. 


Model C-110 Automatic Sample Changer is avail- 
able on good delivery. Write for details today. 
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